Magnitude and causes of small area variation in surgical rates of myringotomy with the insertion of ventilation tube in Ontario by Asche, Carl V
Magnitude and causes of small area variation in surgical rates of 
myringotomy with the insertion of ventilation tube in Ontario 
by 
Carl Asche 
A Dissertation Submitted to the University of Surrey 
in Candidacy for the Degree of Doctor of Philosophy 
Department of Economics 
Guildford, Surrey 
December 2000 
Copyright by Carl V. Asche 2000 
Abstract 
Otitis media is often treated surgically through the use of a procedure 
termed myringotomy with insertion of a ventilation tube (MVT). From fiscal year 
1992/3 to 1997/8, some 132,000 such operations were performed in Ontario, 
Canada, on young people < 20 years old. This study quantifies the small area 
variation (SAV) in MVT surgical rates across the 49 counties and 478 postal areas 
of Ontario; examines the rate variation as a function of variations in physician 
practice style, physician supply, physician demographic characteristics, urban-
rural differences, and population socio-economic status; and identifies economic 
and policy-related implications of SA V. Physician practice style was assessed 
using responses from a comprehensive provincial survey of referring physicians 
(OPs and paediatricians) and specialists/surgeons concerning their opinions of the 
indications for, and treatment of, otitis media, with particular reference to MVT 
surgery. Other data were obtained from physician databases and Canada census 
statistics. 
The variation in age-gender standardized MVT rate across the counties is 
highly statistically significant, as demonstrated by Chi-square tests, and by 
comparison of simulated and observed values of variation statistics (the EQ, CV, 
and SCV) that show much higher inter-area variation than that expected by chance 
alone. Multivariate regression modelling of inter-county MVT rate variation 
across the counties showed six variables to be significant determinants of surgical 
rate. MVT rate is a positive function of physician propensity to refer patients to 
surgeons, the percentage of North American-trained referring physicians, and the 
supply of paediatricians; and a negative function of the supply of surgeons, and 
the median licence years of referring physicians and surgeons respectively. These 
variables explain 74 % of the SA V in MVT rate for the 35 counties for which the 
regression model applies. Over 40 % of the explained variation is accounted for 
by differences across the counties in the propensity of physicians to refer patients 
to surgeons. 
Socio-economic status (as measured by an index of deprivation) was not a 
significant predictor of inter-county MVT rate. When examined at the FSA (postal 
forward sortation area) level within counties, the effect of socio-economic status 
was small overall but locally significant for five counties. 
Urban counties, although better equipped with medical care resources, 
including the supply of physicians, generally maintain lower MVT rates than rural 
counties. This is interpreted as being due to inter-county referral flow from rural 
GPs and paediatricians to specialists operating in urban counties, particularly 
those counties containing teaching centres and training hospitals. In addition, the 
higher surgical rates in rural areas are also associated with a higher percentage of 
North American-trained referring physicians working in such areas. 
The large regional variations in MVT rates, and the determinants of such 
variations, have implications for health care providers and policymakers. Between 
1992/3 and 1997/8, the welfare loss resulting from MVT surgical rate variation 
that was due to variation in physician variables (physician opinion, demographics, 
and supply) amounted to around $7.5 Million per year (or about three-quarters of 
the annual MVT surgical spend). More than 40 % of the welfare loss was 
attributable to inter-county variation in physician propensity to refer patients to 
surgeons. This welfare loss could in theory be reduced by the production and 
dissemination of information such as clinical guidelines, aimed at modifying 
physician behaviour and reducing variation in physician practice style (in 
particular, reducing variation in physician propensity to refer). However, 
published findings indicate that such change strategies are generally ineffective in 
modifying physician behaviour. 
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Chapter 1: Introduction 
1.1 PREAMBLE 
The equitable delivery of health care is one of the main objectives of a 
welfare state. In order to meet this objective, health care administrators must 
constantly strive to increase the efficiency of health care delivery in order to 
maximize service at the lowest possible cost. Improvement in efficiency has 
become a central point of focus in Canada, not only due to ideological and 
budgetary considerations, but also because an efficient system is necessary so that 
more resources are available for appropriate medical care. In recent years, in 
Canada and other countries, regional variation in the use of health care services, as 
a possible indicator of inefficiency, has captured the interest of health services 
researchers and policymakers. 
One method of investigating such geographic variation IS to study 
variations in the use of medical services (hospital admissions, surgical and 
diagnostic procedures) across small geographic areas. This is commonly referred 
to as small area variation (SA V) analysis. SA V studies have been used to 
determine whether significant variation in utilization does, in fact, exist across 
geographic areas, and if so, to seek relationships between the observed variation 
and potential causal factors. Some variation can be explained by the prevalence of 
disease alone. However, variation may also be attributed to differences in opinion 
among health care professionals with respect to the indications for intervention, 
alternative strategies and outcome of specific interventions (e.g. Roos et al. 1988; 
Leape et al. 1989; Folland & Stano 1990; Phelps 1992; Wright et al. 1999). Other 
possible causal factors explaining SA V include differences in patients' 
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expectations and behaviour, and availability of services and health care resources 
(Wilson & Tedeschi 1984; Halliday & Le Riche 1987; Black et al. 1995). 
Researchers have compared population-based health care utilization rates 
across large geographic areas such as countries or regions of a country (Vayda 
1973; Vayda et al. 1984; Halliday & Le Riche 1987; Wright et al. 1999), and over 
small areas such as hospital market areas (Wilson & Tedeschi 1984; Kuder et al. 
1985; Folland & Stano 1989). In doing so they have discovered substantial 
variations in the use of health care servIces among seemingly similar 
communities. One possibility suggested by these findings is that differences 
across geographical areas reflect inefficient deli very of care and therefore poor 
use of scarce health care resources (Phelps & Parente 1990). Identifying the 
factors that lie behind the observed regional variation is therefore of utmost 
importance to those concerned with the organization and delivery of health care. 
Understanding the extent and cause of SAV is of great importance to 
health care planners concerned with the utilization and efficient use of health care 
resources. One possibility is that in areas with low rates of utilization, the health 
care needs of the populace are not being adequately met, while in areas of high 
utilization, unnecessary interventions are being performed. The result is, on one 
hand, a failure to provide health services where they are needed, and a greater 
degree of preventable morbidity or mortality among the group which is deemed to 
be under-served. On the other hand, high utilization may represent a waste of 
resources. In addition to taxing the health care system, patients who are over-
exposed to unnecessary treatment are also at risk to a higher than necessary 
mortality and/or morbidity. 
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Although much has been written on SAY, little is actually known about 
how to address it at the level of health care planning. Consequently, there is great 
interest among health care planners about identifying the causes of SAY, 
elucidating its effects on health care utilization, and defining optimal rates or 
ranges of rates for specific interventions. 
1.2 PuRPOSE AND BACKGROUND 
The purpose of this study is to contribute to a better understanding of the 
causes of SA V in health care utilization. It does so by investigating aspects of 
SA V in the rates of a particular surgical procedure, myringotomy with insertion of 
ventilation tube (MVT), which is used to treat children with otitis media. 
Otitis media is an infection and inflammation of the middle ear. Infection 
is caused by bacteria or viruses that enter the middle ear space from the nose or 
throat via the Eustachian tube (the passage that connects the middle ear to the 
back of the throat). If the tube becomes blocked, as frequently happens when the 
child has a cold, bacteria multiplying in the middle ear cause an accumulation of 
pus and a build-up of pressure behind the eardrum. During MVT surgery, a small 
slit is made in the tympanic membrane, allowing the physician to drain the fluid 
and release the pressure. A tube is then placed in the slit, to serve as an artificial 
drain and to equalize pressure between the middle and external ear. 
It is estimated that 1 million MVT procedures are performed annually in 
North America (Black 1985a; Bluestone 1989; Bright 1993; Gates 1996), with an 
estimated annual cost of $3.5 billion (Bluestone 1989). In addition, there is a lack 
of consensus regarding its use in the management of otitis media (Bluestone 1989; 
McIsaac et al. 2000). The procedure is favourable for a study of SA V in 
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utilization rate because the prevalence of otitis media is high (e.g. Bluestone 1993, 
1998); the treatment of otitis media is controversial, particularly with respect to 
the use of MVT surgery and the indications for it (e.g. Heald et al. 1990; 
Bluestone et al. 1994); MVT insertion is a common procedure, performed on 
about 1-3 % of the paediatric population (Bisset & Russell 1994; To et al. 1996; 
Berman et al. 2000); the utilization rates of the MVT procedure are known to vary 
across regions (e.g. Black 1985a; Bisset & Russell 1994; To et al. 1996); and the 
economic costs are considerable (Coyte et al. 1998, 1999). 
Many previous studies of the SA V in various surgical utilization rates 
have generally not been able to show conclusively that the rate variation has been 
over and above that expected by chance. The statistics traditionally used to 
quantify inter-area surgical rate variation are the extremal quotient (EQ), the 
coefficient of variation (CV), the systematic component of variation (SCV), and 
the Chi-Square statistic. The first three of these statistics have no associated 
significance test, and the null hypothesis that the underlying mean utilization rates 
are the same for all areas cannot be tested for. Diehr et al. (1990) have shown by 
simulation that quite large values of the EQ, CV, and SCV can be contained 
within the null hypothesis. Also, each statistic increases as the mean utilization 
rate decreases. Despite the reports of many studies showing apparently large 
variations in utilization across areas, it is not clear the extent to which the 
variation is due to random fluctuations. Therefore, the first step of a SA V study 
should be to show that the inter-area variation in the rate of the procedure of 
interest is statistically significant, by using Chi-square statistics or simulation 
methods (Diehr et al. 1990; Diehr et al. 1992). If the variation across areas is no 
greater than that expected from chance, there is no point in seeking to explain 
4 
such variation usmg medical care supply variables or any other potential 
determinants of rate variation. 
Approaches used to explain SA V in utilization rates have encompassed a 
range from univariate or bivariate association methods (e.g. Bisset & Russell 
1994; Black et al. 1995) through to a variety of multivariate methods that use a 
suite of variables to explain rate variation (e.g. Roos 1984; Vayda et al. 1984; 
Wilson & Tedeschi 1984; Green et al. 1994; Wright et al. 1999). Folland & Stano 
(1990) recommend multivariate studies be utilized for SA V studies, on several 
grounds. They believe such studies are inherently multivariate given that 
utilization rate variation involves "the simultaneous contributions of many 
factors" (p. 449), and univariate or bivariate methods cannot account for such 
partial effects. Associations that are significant in a bivariate fashion often 
dissolve when multiple variables are examined simultaneously (McLaughlin et al. 
1989). In addition, multivariate approaches should overcome problems caused by 
omitted variables and confounding sets of inter-related variables. 
Explanations of small area variations in surgical utilization rates have 
been attempted using a plethora of different variables (Folland & Stano 1990). 
Based on the results of previous studies of SA V in rates of various surgical 
procedures, the SA V associated with the MVT procedure may potentially stem 
from differences across areas in the underlying disease prevalence, in the 
characteristics of the region's population (e.g. socio-economic status), in the 
expectations and preferences of patients (or patients' parents for paediatric 
procedures), in the availability of health resources such as physician supply, and 
in the characteristics of physicians including their clinical judgement ("physician 
practice style"). Each of these broad potential sources of variation may be 
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measured using many different variables, meaning that the choice of possible 
determinants to explain utilization rate variation is large. Previous studies have 
shown that small area characteristics differ depending on many of these variables, 
but significances of variables appear to differ according to the surgical procedure 
studied, the nature of the health care system under study, and the suite of variables 
used to explain utilization rate variation. Studies specifically of SA V in MVT 
insertion, and its determinants, are relatively few, and include Black (1985), 
Bisset & Russell (1994), and Gargett (1999). The two earlier studies were not 
multivariate, and the study of Gargett, although multivariate, analyzed only socio-
economic and demographic variables. There is need for a multivariate study of 
SA V in MVT utilization rate, using a comprehensive suite of potential 
explanatory variables. 
Although the importance of variation III physician practice style in 
influencing utilization rates has been acknowledged by many researchers (e.g. 
Folland & Stano 1989; Phelps & Parente 1990), there has been a lack of studies 
that have actually measured practice style variation, and used it to explain surgical 
rates. Roos (1984) and Escarce (1993) were able to constrain the effect of practice 
style variation, but did not actually measure variables to represent it. Only the 
study of Wright et al. (1999) appears to have made direct measures of practice 
style. Many studies have invoked physician practice style variation to explain the 
residual variance in surgical rates unexplained by socio-economic and/or health 
care supply factors (e.g. Phelps & Parente 1990). Measurements of physician 
practice style are therefore lacking in SA V studies, and such quantification is 
needed if the relative importance of practice style to rate variation compared with 
other determinants is to be determined (Folland & Stano 1990). A related question 
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IS whether practice style differences among individual physicians can be 
aggregated and detected at the small area level (Folland & Stano 1990), which 
would demand that average differences in practice style exist across areas (Phelps 
1992). 
1.3 RESEARCH QUESTIONS 
On the basis of the research problems outlined above, this thesis aimed to 
in vestigate the following questions: 
1. Is the small area variation in MVT rate in Ontario, Canada, greater than 
would be expected by chance? 
2. To what extent can the observed small area variation in MVT surgical rate 
be explained by health care system variables such as physician opinion 
concerning indications for and benefits of the procedure, physician 
demographic characteristics, and the availability of general practitioners 
and specialists? 
3. What role,,if any, do the location of residence (urban or rural area) and the 
socioeconomic status of the patient play in explaining the observed 
variation in surgical rates? 
1.4 ORGANIZATION OF THE THESIS 
The main body of this thesis comprises nine chapters. Chapter 1 has 
provided a short introduction to the research. Chapter 2 reviews the literature 
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relevant to the theoretical foundation. It provides an appraisal that identifies the 
present deficiencies in the current state of knowledge concerning small area 
variation in health care utilization rates and its determinants. Chapter 3 reviews 
the myringotomy with ventilation tube procedure as a treatment for otitis media, 
which serves as the specific surgical procedure of interest in this study. 
Chapter 4 introduces the model of this study, by defining and justifying 
the variables of interest. Chapter 5 details the methodology. The approach, 
materials, and methods are presented, including a survey designed to gauge 
physician opinions concerning the treatment of otitis media with MVT surgery. 
An account of the statistical methods used in the analysis chapters is presented. 
Chapter 6 contains the data analysis and results of the physician survey by 
comparing the clinical opinions of GPs, paediatricians, and specialists. It also 
assesses the suitability of the proposed independent variables as determinants of 
SA V in MVT rate. Chapter 7 provides the data analysis and results concerning the 
relationships between the dependent variable (MVT rate) and physician variables, 
other county-level variables, and socio-economic status. Two levels of analysis 
are used-county level and FSA level. Chapter 8 provides an in-depth discussion 
of the results, seeking to explain relationships between MVT rate and independent 
variables, and relating the results to previous work on SA V in utilization rates. 
Chapter 9 provides an account of the implications of the results, including 
policy and economic· implications; a short critique of the study; suggestions for 
future research; and the conclusion, which shows how the results of the study 
relate to the original research questions posed. 
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1.5 THE CONTEXT OF TIDS STUDY WITmN A LARGER RESEARCH 
PROJECT 
This study was, In part, derived from the findings of a larger project 
conducted by Professor Peter Coyte et al. at the University of Toronto, of which 
the author was a research team member. The larger research project was entitled 
"Management of Childhood Otitis Media" and was funded by grant MT.13435 
from the Medical Research Council of Canada. In that project, the research team 
generated a population-based description of regional variations in surgery for 
otitis media, and measured associated general outcomes and costs. It also 
developed and administered a survey of otolaryngologists and referring physicians 
in order to measure perceptions regarding the indications for surgery for otitis 
media, treatment options, and outcome perceptions. In addition, the team 
conducted an assessment of the costs borne by patients/families and the health 
system associated with the surgical and medical management of childhood otitis 
media. 
As the research represented by this thesis was part of the larger study, some 
sections of the thesis are necessarily derived directly from the overall work of the 
research team. The specific items contained in this thesis that were performed by 
the research team (although written here by the author) include: the construction 
of general methodology and analytical approach to explaining SA V (sections 4.1-
4.4, 5.1-5.3, 5.9); the construction of the physician survey and the collection of 
census and physician demographic data (sections 5.5-5.7); the collection and 
measurement of data concerning SAY in MVT rates and their analysis using chi-
square tests and simulation (sections 5.4, 5.8, 7.1); and the analysis of data 
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concerning variation in physician opinion about MVT surgery (sections 6.1 and 
6.2). 
The items both performed and written by the author specifically for this 
thesis include the literature reviews of SA V and of otitis media treatment (sections 
2.1-2.9, 3.1-3.9); the analysis of physician and other county variables with respect 
to their use as determinants of SAY in MVT rates (section 6.3); the development 
of the particular multivariate model that explains county-level SAY in MVT rates 
(section 7.2); the examination of geographic aspects (section 7.3); the analysis of 
FSA-Ievel SAY in MVT rates and of deprivation-adjusted MVT rates (sections 
7.4 and 7.5); the interpretation and discussion of the particular analyses and 
results generated concerning SAY, its various determinants, and its geographic 
aspects (sections 8.1-8.5); the implications of the study, including those relating to 
SA V and determinants (section 9.1), welfare losses (section 9.2), and issues 
concerning physician practice style (section 9.3); and the suggestions for further 
research (section 9.5). 
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Chapter 2: Literature Review 
2.1 INTRODUCTION 
A number of authors, particularly in the last 30 years, have been concerned 
with variations in the utilization rates of medical procedures. These rate 
variations, when unrelated to the prevalence of disease or patient preferences, 
raise concerns about access to care, health system costs and treatment 
appropriateness. It is important to understand what the driving forces behind area 
variation are because some forces may be amenable to change while other forces 
may not and knowing what the forces are indicates what can be done to try and 
change them. 
One of the first attempts to examine utilization of resources across small 
geographic areas was made in 1856 by William Guy who observed that the 
hospitalization rates between two districts, served by King's College Hospital, 
varied considerably. Many years after Guy's discovery, Glover (1938) noted that 
the tonsillectomy rate amongst British children varied considerably depending on 
which geographical location was being observed. Alas, this area of study 
remained rather quiet until 1969 when Lewis observed a three to four fold 
variation in utilization rates of six common surgical procedures in 13 regions of 
Kansas. Since that time, geographically based variations in utilization have been 
documented repeatedly for hospital admission or discharge rates of medical 
procedures making it clear that variations continue to prevail. 
Understanding the vast body of SA V literature is difficult. International 
studies are often concerned with different health systems making it a difficult to 
properly compare utilization rates. At the regional level, despite having the same 
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health system in place, it is difficult to match population needs with the available 
health services. Although still not ideal, local studies do make it easier to match 
these population needs with the available health services but allowances are made 
that result in significant variations. Perhaps the best method so far has been to 
examine specific health service areas as defined by health services researchers. In 
this manner, a specific area comprised of relatively straightforward health care 
arrangements can be examined in order to better determine what the utilization 
rates of the health care resources associated with a particular community might be. 
Since the study done by Glover, well over sixty years ago, investigators 
have attempted to answer two basic questions, "Do variation rates in utilization 
exist?" and "Why do they occur?". This, in tum, has prompted a fair number of 
resource and socio-economic variables to be investigated in order to establish the 
existence of these variations and why they occur. One variable that has captured 
the imagination of many investigators has been the concern with differing beliefs 
of physicians as per the relative effectiveness of a given medical procedure. 
Wennberg et al (1982) noted differences among physicians as per their diagnosis 
of the medical condition of a given patient and their respective beliefs in the value 
of a particular procedure intended to meet the needs of that particular patient. 
Increasingly, the emphasis in the literature is moving to studies aimed at 
improving understanding of the perceived uncertainty of the physician in relation 
to the effectiveness of different treatment strategies ("physician practice style") 
and whether or not such procedures are being used effectively. Of particular 
interest is how important the variation in physician practice style is, compared to 
other factors, in explaining small area variations in utilization rates. 
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This particular review of the literature was based upon an electronic search 
of the literature. In doing so, a MEDLINE search was done from 1976 to 2000 
using the following keywords (and related synonyms) either singularly or in 
combination with each other: small area variations, physician, practice, patterns, 
health, care, supply, utilization, surgical, rates, myringotomy, otitis media, socio-
economic. This search resulted in capturing an enormous amount of literature 
available on this subject area, amounting to nearly 600 articles. The abstracts of 
these articles were perused, and investigative studies specifically dealing with 
small area variations, physician practice patterns, and health service use were 
selected for detailed review. This resulted in an extraction of some 80 articles, 
which provide sufficient evidence to make an account of the progress made in the 
research topic of interest. The articles reviewed are presented on the basis of the 
various factors that have been considered as possible explanations for health care 
utilization variations. 
The SAY literature has effectively built a number of propositions on 
which we can base our understanding of the nature and causes of SAY. The 
collection of scientific evidence available in the wealth of SA V -related literature 
serves to support a number of the propositions yet also reveals certain deficiencies 
associated with the methodologies used to provide this evidence. Some of these 
deficiencies have been overcome as a result of recent publications whereas others 
still remain outstanding. This review will identify the gaps that remain in the 
literature as a result of these deficiencies. 
As a background to this review of the literature, Section 2.2 commences 
with an examination of the analytical approaches used most frequently in 
measuring variations. Section 2.3 establishes that rate variation exists by 
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reviewing the initial studies by Guy (1856) and Glover (1938), as well as studies 
of rate variations within and between different countries. Section 2.4 examines the 
prevalence of disease and socio-economic variables that help to explain some of 
the observed variation. Section 2.5 examines the influence that the specific 
medical procedure has on variation rates, and Section 2.6 reviews the health care 
resource and supply factors that influence utilization rates. Section 2.7 addresses 
the role that physician uncertainty (variation in physician practice style) may have 
on utilization variation. Section 2.8 briefly examines the issue of supplier induced 
demand for studies of SAY, and section 2.9 summarizes the findings. 
2.2 SMALL AREA VARIATIONS AND APPROACHES TO THEIR STUDY 
For the purpose of this study it can be said that "small area variations" 
(SA V) are an analytical phenomenon used to determine whether the utilization 
rates of a medical procedure are observed to vary across distinct geographic areas. 
This particular type of analysis has been developed as a tool for research in 
community medicine over the last three to four decades (Carstairs 1981a). 
Typically, this type of approach uses a statistical measure in order to calculate the 
magnitude of the variations in utilization. 
The standard approach for performing such an analysis reqUIres that 
geographically specific population data be gathered using either hospital 
admissions or discharge rates for a particular medical condition. The literature has 
indicated that this can be either a specific procedure or a group of procedures. In 
doing so, the total number of admissions/discharges for a particular procedure 
performed within a defined period of time for a geographic area's resident 
population is then converted into a utilization rate relevant to that area's 
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population and the given procedure(s). Often, as a result, the calculated rate only 
represents people living in a defined area regardless if the hospital that they 
obtained the treatment from was in that area or not. 
The decision as to which geographic unit to choose is often an arbitrary 
decision. However, it is usually the case that defined administrative areas are used 
based upon the justification that socio-economic data is readily available at those 
levels. In the United States, "hospital service areas" are usually used as the unit of 
analysis as the population of such an area are likely to use this particular hospital 
as it is convenient to do so as opposed to going to a more distant hospital. In 
Canada, administrative areas, such as the equivalent of postal codes, are typically 
used as the geographic unit of analysis. When the literature refers to a 
geographical unit as being small, it is not the geographical area that is of 
importance so much as the population within that area. 
Once the utilization rate for the population of a geographical area has been 
calculated, a variety of different measurement techniques can be used to calculate 
the size of these small area variations. The most common of these measures is the 
"coefficient of variation" (CV) (e.g. Phelps & Parente 1990). The CV serves to 
measure the dispersion of the distribution around the mean in a similar manner for 
each case thus allowing the variation between different dispersions to be 
compared to each other. Other measures include the extremal quotient (measures 
the ratio of the lowest to highest rate) and the systematic component of variation 
(Folland & Stano 1990). Appendix A contains details concerning definitions and 
calculations of these statistics. 
There are limitations associated with explaining utilization in small areas. 
Wennberg (1990) reported that the size of the population of different geographical 
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area reported in the literature may vary anywhere from 10,000 to over half a 
million (Wennberg 1990). Phelps (1992) attributed random chance to be 
responsible for a small geographic unit (e.g. city block) of observation having 
larger variations. Phelps went on to state that when the geographical units are 
large (e.g. province/state), the variation observed appear smaller as the variability 
of the smaller sections of such large unit is hidden. Although utilization rates vary 
amongst studies, the patterns of relati ve variation among the medical procedures 
have shown to be quite stable (Phelps 1992). 
Although the SA V approach has limitations it is also beneficial when 
investigating particularly small geographical units. Important factors that may be 
obscured or hidden in a large geographic area may be accurately measured in a 
small geographic unit. For example, physicians' beliefs as to the effectiveness of 
medical procedures may explain why utilization rates differ. The services that a 
physician provides are primarily directed towards a population within a given 
market area. Therefore, the utilization rate of a particular area is influenced by the 
beliefs of the physicians working in that area with their respective patients. The 
SAY approach may therefore be appropriate to observe the aggregated practice 
styles of physicians. The effect of the practice style of physicians will be better 
recognized when smaller, more numerous geographical units are studied because 
these units contain fewer physicians and the diversity in practice style is 
statistically more likely to be measurable than when a few, large areas are studied. 
This is fundamentally an issue of the scale of aggregation. Folland & Stano 
(1990), for example, suggested that physician practice style may not be able to be 
detected at the small area level and is more suited to be studied at the micro-scale 
or individual physician scale. However, some subsequent studies (e.g. Wright et 
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al. 1999) have shown that practice style variations can indeed be measured at the 
scale of the small geographic area. 
The SA V literature virtually ignores the impact of the price of a procedure 
to the consumer on utilization rates despite the fact that is of great importance to 
consumers for consideration of other goods and services. Phelps (1992) states that 
where populations face equivalent prices, price can be safely ruled out as an 
explanatory variable for differences in utilization rates. In some countries, such as 
Canada and England, patients face an effectively uniform price as a result of their 
nationally organized health insurance schemes. These countries do clearly 
experience variation in utilization rates that cannot be ascribed to price variation. 
As this study examines SA V in one particular surgical utilization rate, across a 
province of Canada, "price" is not a factor in rate variation. 
2.3 ESTABLISIDNG RATE VARIATION 
2.3.1 Early studies 
One of the earliest observations of variations in health service use rates by 
geographical area dates back to 1856 when William A. Guy, a physician at King's 
College Hospital, noted the annual per capita rates for hospitalization at his 
hospital varied from 325 per 1,000 population from one district (Parish of St. 
Mary-Ie-Strand) to 1 per 1,000 at another district (Marylebone). The observed 
variation led him to make the declaration that the charitable health care received at 
the Parish was consumed by an increasing number of working men who used the 
services merely as a course of habit despite the fact that they could afford to go 
elsewhere (Bames 1982). 
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A study published by Glover in 1938 served to review the percentages of 
children attending elementary schools, in the local education authorities of Wales 
and England, who had a tonsillectomy perfonned. Glover observed the overall 
tonsillectomy rate to be 1.7 % amongst the children. However, when he compared 
the differences between Wales and England, he noted a 29-fold difference in rates 
from a high of 5.8 % in Rutland and Peterborough to a low of 0.2 % in Homsey 
(Glover 1938). 
In his study, Glover examined a number of variables in order to help 
explain why these variations occurred. In doing so he found that the rates were 
three-fold greater in children from wealthy families as compared to other less 
affluent members of the community. Girls were observed to have a lower rate than 
boys. The physical status of boys was used as a variable and was based on 
whether or not the boys were members of the schools' elite sports teams. Upon 
further examination, Glover could find no correlation between the areas' surgery 
rate and variables such as the efficiency of the school's medical and dental 
services, poverty, climate, and density. Glover presented his findings to the Royal 
Society of Medicine where he defended himself against outspoken members of the 
audience who stated the variation was likely attributable to the social 
circumstances of the families of the children. Glover suggested to the audience 
that the variation could not be explained except for the possibility that there might 
be differing medical opinions as to whether or not the operation should be 
perfonned (Glover 1938). 
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2.3.2 International studies 
Variation in surgical rates has been documented across geographical areas 
internationally and nationally. Pearson et al. (1968) compared hospital caseloads 
in Liverpool (England), Uppsala (Sweden) and New England (U.S). Overall 
discharge rates by age and sex as well as sex specific rates were calculated for the 
main diagnostic classification groups, for seven commonly occurring medical 
conditions and for eleven frequently performed surgical procedures. Striking 
differences in the frequency of operations among the three countries were noted. 
However, the use of rates, which were not age-adjusted, led to an over or under 
estimate of the true variation (Pearson 1968). 
Bunker (1970) compared the number of surgeons and the rates at which 
various surgical procedures were performed in England and Wales and the United 
States. He concluded that there were twice as many surgeons in the United States, 
who altogether performed twice as much surgery, as was performed in England 
and Wales. The American and English statistics were not strictly comparable due 
to differences in recording the diagnostic procedures and in health care system 
financing factors (Bunker 1970). 
Vayda (1973) studied surgical rates in Canada compared with those in 
England and Wales. Overall, Canadian surgical rates were found to be 1.8 times 
as great for men and 1.6 times as great for women as in England and Wales. Sex 
specific and age-standardized rates were calculated for each of the 28 procedures. 
Unlike the previous studies, the comparisons were based on information reported 
similarly in each country and for each case only one surgical/diagnostic procedure 
was recorded (Vayda 1973). 
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Although rate variation occurs internationally, a systematic difference 
between medical systems, first noted by Bunker (1970), may playa role in rate 
variation. The economic factors associated with fee-for-service, or salary systems, 
may provide incentives that contribute to the differences across countries and 
within countries that lack a universal health/payment system. 
2.3.3 Canadian studies 
Rate variation has been established in Canada, a country with a universal 
health care system. Mindell et al. (1982) examined the age-sex standardized rates 
of sixteen surgical procedures within Canada from 1968 to 1977 and found that 
the elective surgery rates varied in nine Canadian provinces. Rates of 
discretionary operations showed more variation than did rates of non-discretionary 
operations (e.g. Appendectomy, radical mastectomy). Not only did the surgical 
rates vary across provinces, but the provinces also varied in their rate ranking 
throughout the 10-year study (Mindell et al. 1982). 
Variations within the provinces of Canada, specifically Ontario, Manitoba, 
Saskatchewan, and Alberta, have been reported for various surgical procedures 
(e.g. Dyck et al. 1977; Stockwell & Vayda 1979; Roos & Roos 1981; Roos 1984; 
Vayda et al. 1984; Halliday & Le Riche 1987; Anderson & Pulcins 1992; Blais 
1993; Wright et al. 1999). Overall, greater variation within the provinces than 
across them has been demonstrated. 
The existence of variation is an accepted occurrence and affects all types 
of health care systems. However, the causes of these variations are complex and 
ambiguous. Since the initial study by Glover, there have been numerous studies 
performed investigating a number of explanations for variation such as clinical 
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variations, resource differentials, and socio-economic factors. These determinants 
of health care utilization rate variation are now discussed. 
2.4 EFFECT ON HEALTH CARE UTILIZATION OF DISEASE 
PREVALENCE AND POPULATION SOCIO-ECONOMIC 
CHARACTERISTICS 
2.4.1 Disease prevalence 
Very few studies have actually measured the prevalence of a disease and 
its relationship to the utilization rate of the health care services that are used to 
treat the disease. This review identified three studies that have done so, and they 
report contrasting results. 
A study by Roos et al (1977) calculated the incidence of children 
diagnosed with tonsilar disease in the province of Manitoba. In doing so, they 
could not find any statistical correlation between the prevalence of this disease 
and the rates of tonsillectomies. This conclusion was tentatively made as only 
nine regions were examined and morbidity data were obtained from claims data 
rather than self-reports (Roos et al. 1977; Roos & Roos 1982). 
To account for these limitations Roos et al (1982) completed a second 
study that looked at the overall and elective surgical rates amongst the elderly in 
over 56 hospital areas in rural Manitoba and attempted to relate this to the results 
of the population's self-assessed health status survey. This survey was used to 
determine the health needs of this population by collecting data on the perceptions 
of the elderly of their health, the time they were "sick in bed" during the last year, 
and a measure of their functional disability. There was no evidence provided that 
would indicate whether areas with high surgical rates report greater health needs 
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than areas with low surgical rates (Roos & Roos 1982). As an example, a four-
fold variation in the utilization of cataract removal surgery could not be correlated 
to specific data on problems with vision. 
In contrast, McPherson et al (1985) discovered there to be a positive 
relationship between morbidity and related health service utilization. In their 
study, they observed a correlation coefficient of r = 0.75, between the prevalence 
of gallstones (found at autopsy) and the surgical removal of the gall bladder 
(cholecystectomy). However, the study investigated variation across only a small 
number of areas (7 towns), and did not account for the lack of data available for 
private surgeries therefore underestimating the total amount of gallbladder 
surgery. 
Researchers have generally justified the removal of morbidity from the 
focus of study by assuming that the (unmeasured) prevalence of disease is 
uniform across areas, or have argued that it can be accounted for by standardizing 
for age and gender differences in the populations being examined. Vayda et al. 
(1984) demonstrated that the role of the prevalence of a disease in SA V studies is 
reduced if the surgical rates for age and gender differences are adjusted. "Age", in 
itself, is the single most important predictor of the incidence of illness and is a 
substantial reason for variation in utilization rates among different age groups 
(Wennberg & Gittelsohn 1982). Likewise, gender differences need to be 
accounted for as females consume more health care than do males (Folland & 
Stano 1990). 
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2.4.2 Socio-economic influences 
A topic that has long interested researchers has been the propensity of an 
individual to seek medical attention (Davis & Lay-Yee 1990; Blais 1993). There 
are numerous socio-economic factors that may influence an individual's 
utilization of health services. Variables such as the age, gender, and health status 
of the patient have already been discussed above. 
The most common, meaningful and easily accessible socio-economic 
variables analyzed have been education, unemployment, income, poverty and 
insurance coverage. These variables are readily accessible through data sources 
such as a census or a community's area resource files (Connell et al. 1987; 
McLaughlin et al. 1989). In an effort to limit the effect of these variables, 
researchers have purposely chosen areas containing a population with similar 
socio-economic characteristics. A consensus as to the role that these variables 
perform in helping to explain variation in the utilization of health services has not 
been reached. The inconsistencies are revealed by the findings of the following 
studies and are illustrated in Table 1, which shows that the significance or 
otherwise of socio-economic variables depends upon the procedure of interest, the 
characteristics of the small areas studied, and the particular explanatory variables 
actually measureq. 
Wennberg et al (1977) extensively sampled the population of six areas of 
Vermont in order to generate data for population characteristics in order to 
determine if they influenced hospitalization rates. In doing so, they found two-fold 
variations in hospitalization rates across six areas in Vermont. In that study, some 
of the variables studied were: the level of chronic illness and education achieved; 
percentage of the population born on farm, with health care insurance, having a 
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regular place of attendance for medical care, poverty status, and racial 
composition. The annual rate of contact of the population with their physicians 
was the means of determining the amount of health care consumed by the 
population (Wennberg & Fowler 1977). In doing so, it was observed that the 
characteristics of the population did not have an impact on the variation in 
hospital admission rates nor did it change their ability, interest, or need for 
seeking medical attention. 
Roos et al (1982) identified a 2.8-fold difference in surgical rates across 
the 56 rural areas of Manitoba in their examination of the health needs of the 
elderly. In this particular study, the cost of the surgical procedures was a 
controlled variable. No relation was discovered as to the variation of surgical rates 
and the percentage of the elderly population below the poverty line or those that 
regarded their income as being inadequate for their needs. Although income 
variables were not associated with utilization variation, education and ethnicity 
variables had a strong relation to overall surgical rates. In fact, those areas with 
the highest surgical rates tended to be those that had the greatest percentage of 
individuals with nine or more years of education and those with Anglo-Saxon 
parents (Roos & Roos 1982). The researchers did, however, note that education 
and ethnicity were highly inter-related making it difficult to draw conclusions 
about the exact influence of each of the factors. 
In contrast to the findings by Roos et al. (1982), Bombardier et al (1977) 
had earlier discovered that both income and education levels did influence 
utilization of surgery rates, at least in their study. Higher attained educational 
levels of the population were found to have a negative effect on surgical 
utilization, whereas family income levels were observed to have a significant 
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positi ve effect on utilization for children and women, although not for males aged 
20-64. These findings were explained in terms of "value of time", with operations 
being less attractive to patients or potential patients whose time is most highly 
prized in economic terms. However, the relations between surgical rates and 
income may also have been partly due to unmeasured variations in insurance 
coverage. 
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Table 1: Utilization and variation due to socio-economic factors. 
Country of Study Authors Type of Analysis Unit of Analysis i.e. Procedure Data Source Significant SES Factors 
# small area 
USA; Michigan McLaughlin et al 1) simple correlation 1) 68 County & 2) 2 non-specific Hospital discharge Education (-) 
1989 & 60 Hospital market procedures: records Income (-) 
2) multiple areas 1) Medical Unemployment (+) 
regression 2) Surgical Adults disabled (+ ) 
Disabled unable to work ( + ) 
USA; Los Angles Gould et al (1989) Multiple regression One county: total Caesarean section Birth-certificate data Income (+) 
population 
USA: Iowa Kuder et al 1985 Rate comparison Small areas Total Admissions Income (-) 
Manitoba Roos (1984) Multiple regression 33 large hospital hysterectomies Claims and census Ethnicity ( + ) 
areas data 
USA; Michigan Wilson et al 1984 Multiple regression 47 small areas Medical! surgical Hospital discharge Income (+) for surgical, 
discharge records Poverty (-) for medical 
Manitoba Roos et al 1982 Correlation 56 small areas Overall surgery and Hospital discharge Education (+) 
elective surgery records and Ethnicity (+) 
questionnaires 
USA; Vermont Wennberg (1977a) Correlation 6 selected areas Non-specific Claims data and Residents in different areas had 
procedures: questionnaires similar economic characteristics 
Hospitalization rate, and racial composition therefore 
and surgical rate no variation was attributed to the 
consumer 
USA Bombardier 1977 Multiple regression 79 000 households Eleven surgical Survey from Income (+) 
procedures * National centre for Age(+) 
Health statistics Education (+) 
Race (+) 
*the eleven selected procedures: appendectomy, cataract removal, cholecystectomy, dilatation and curettage, haemorrhoidectomy, hernia repair, hysterectomy, lumbar 
laminectomy for disk, prostatectomy, tonsillectomy and varicose vein stripping 
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McLaughlin et al (1989) attempted to explain conflicting results such as 
those mentioned above by analyzing the differences between studies that observed 
socio-economic variables to be of importance versus those that did not. In doing 
so, McLaughlin et al (1989) used two scales of analysis, namely counties and 
hospital market communities, in order to test the ability of socio-economic 
variables to explain the variation in hospital discharge rates. The findings 
indicated that there were large variations for both medical and surgical discharge 
rates, with there being even more variation in medical discharge rates. For both 
units of analysis, these variations were found to be explained by statistically 
significant (p=O.OOl) socio-economic characteristics including Income, 
unemployment, educational achievement, the percentage of adults disabled, and 
the percentage of disabled people unable to work (McLaughlin et al. 1989). As it 
turned out, similar results were also found for communities with higher surgical 
discharge rates. The regression model employed in that study explained from 39 
to 56 % of the variation in hospital discharge rates. 
Gould et al (1989) found there to be a positive relationship between a 
family's median income and caesarean rates. In doing so they controlled for such 
variables as the age of the mother, number of previous births, and birth weights. 
The study was concerned with the population of a Los Angles county that was 
di vided into six income categories. The caesarean rate for the highest income 
group was 23 % as compared to 13 % for the lowest income group. For those 
mothers under the age of 18 the caesarean rate was 13 % versus 24 % for those 
over the age of 34 years, thus making age a significant variable also. The rate was 
highest (21 %) for non-Hispanic Caucasian women versus 19 % for Afro-
American women and 14 % for Latino-American women, thus showing that 
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ethnicity was another significant detenninant of rate variation. Within each ethnic 
group it was observed that the caesarean rate increased with higher levels of 
income of the patients (Gould et al. 1989). 
In another study by Roos (1984), ethnicity was found to have a strong 
influence on the utilization rates of hysterectomies. Once again in Manitoba, rates 
for 33 hospital market areas were observed to vary nearly 7-fold from a high of 15 
per 10,000 females to a low of 2-3 per 10,000 females. It was also observed that 
areas with high utilization rates had nearly four times as many members from 
French, Italian, and Polish backgrounds compared to areas with low utilization 
rates. Although ethnicity appears to influence utilization rates, caution must be 
used when interpreting these results. The measures used to estimate socio-
economic and ethnic status were basic, as the estimates were made according to 
the women's area of residence (Roos 1984). 
There have been a number of other studies that have also detennined that 
socio-economic characteristics significantly influence heath care utilization rates. 
An example of this is the study of Wilson & Tedeschi (1984) who found that 
higher rates of surgical discharges wete associated with higher patient income 
levels. In apparent contradiction, Kuder et al. (1985) found that the average level 
of income in areas having high hospital admission rates was much lower than 
those areas with lower hospital admission rates. 
Socio-economic status is multi-faceted, and therefore this may be one 
cause for the lack of a firmly established link of socio-economic status as a 
contributing factor to SA V in utilization rates. A second reason for the lack of 
consensus, as illustrated in this review, appears to be due to the different methods 
of analysis and different area units. While small studies often assume that there is 
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no socio-economic variation across what are seen as homogeneous areas, or use 
simple rate comparisons or correlations, larger region studies tend to use multiple 
regression techniques to test whether there is a statistically significant relationship 
between socio-economic factors and utilization rates. 
2.5 UTILIZATION VARIATION DUE TO THE INHERENT NATURE OF 
THE PROCEDURE 
Many of the initial studies investigated common surgical procedures 
exclusively. Subsequent studies have additionally studied rates of medical 
conditions, resulting in the discovery of large medical condition rate variations 
that are comparable to surgical variations (Table 2). Phelps et al. (1990) studied 
medical interventions and found large coefficient of variation (CV) values for 
activity in paediatric otitis media (0.57) and upper respiratory tract infections 
(0.56). These values were the second and third largest CV values when all 
classifications of both surgical and medical admissions were considered. Only one 
surgical procedure, dental extractions and restorations (0.73), had a higher CV 
(Phelps & Parente 1990). 
Certain medical and surgical procedures demonstrate greater variation in 
utilization rates compared to other procedures (Phelps 1992). Phelps (1992) 
regarded the high variation in utilization rates to be the result of procedures where 
the indications for the need for surgery are not clearly defined or where alternative 
modalities of treatment exist. Wennberg (1984) suggested that the greatest 
variation in utilization rates occurs in situations where clearly defined guidelines 
for the treatment of a condition do not exist. Low variation in rates is likely when 
professional consensus on treatment methods exists, when a disease is easy to 
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diagnose, when the consequences of not intervening are well understood, or when 
no other alternative modality of treatment exist (Wennberg et al. 1984; Phelps 
1992). 
For example, a number of conditions whereby hospitalization is deemed 
acceptable resulted in low variation of rates (Wennberg et al. 1987). Procedures 
such as hip fractures, strokes, and heart attacks reflect very low variation in 
hospital admission rates perhaps as a result of a standard treatment practice of 
admitting patients into the hospital for these conditions. Any variation that has 
occurred with these three conditions has been attributed to issues relating to the 
prevalence differences. In the case of other conditions, such as low back and knee 
injuries, there are different factors that have resulted in hospital admission rates 
that vary from 12- to 15-fold respectively (Wennberg et al. 1987). 
The variation in procedure utilization rates has been consistently observed 
when rates of different populations have been compared. McMahon et al. (1989) 
examined the hospital admission rates for medical and surgical procedures for 
Maine's rural population and Michigan's rural population to determine whether 
the diseases that demonstrated high variation in Maine showed the same degree of 
variation in Michigan. The hospital admission rates for various procedures were 
found to be strongly correlated between the two different rural areas, with a 
Spearman correlation coefficient of 0.71 (p<O.OOI) (McMahon et al. 1989). 
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Table 2: Utilization variation due to inherent nature of the procedure. 
Country of Authors Type of analysis Unit of Analysis i.e. Procedure Data source Limitations/contributions 
Study # small area 
USA-New Phelps and Age-sex adjusted; All counties in New 134 composites of State-wide data -developed methodology 
York State Parente Coefficient of variation; York state diagnosis-related system from hospital -newly emerging or outpatient 
1990 welfare loss; multiple groups- medical and discharge records and interventions are not represented 
regression surgical insurance records 
USA-Boston Wennberg Age-sex adjusted; rate 111 hospitals All discharges- Hospital discharge -organizational and institutional 
and New 1987 medical and surgical differences may influence 
Haven number hospital admission 
USA- Maine Wennberg Age-sex adjusted; 30 hospital market 5* surgical Hospital discharge -information presented for the 
1984 Systematic coefficient of areas procedures and 445 data, importance of physician decision 
variation. Coefficient of non-obstetrical making is indirect 
variation, Variation ranking surgical and medical 
diagnosis-related 
groups 
Norway; McPherson Age-sex standardized; Norway: 7 hospital 7** surgical National and area -rates exclude private and day cas( 
United 1982 coefficient of variation; areas; UK: 21 procedures statistical database 
Kingdom; New systematic component of districts; New 
England states variation England states: 18 
areas with pop>50000 
* 5 surgical procedures: hernia repair, appendectomy, hysterectomy, disk removal, tonsillectomy 
** 7 surgical procedures: hernia repair, appendectomy, cholecystectomy, prostatectomy, hysterectomy, haemorrhoidectomy, tonsillectomy 
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In a similar study, by McPherson (1982), the utilization rates of seven 
surgical procedures were compared for three countries: Norway, New England, 
and England. The appendectomy rates were observed to be the same in all three 
countries. However for the other remaining procedures, the New England rates 
were higher than the other two countries. This was attributed to the United States 
having a mostly private and decentralized system as compared to the European 
countries under consideration, which had a centralized, non-market system of 
health services provision. Interestingly, although the incidence of surgery varied 
considerably among the countries, there was a certain consistency among the 
countries when the procedures were ranked in order of their variability. The 
overall rankings of the procedures, starting with the most variable procedure, were 
tonsillectomy, haemorrhoidectomy, hysterectomy, and prostatectomy (McPherson 
et al. 1982). Conclusions by the researchers suggested that the degree of variation 
appeared to be more a characteristic of the procedure than of the mean in the 
country where it was performed. McPherson concluded that the differences among 
these countries' respective health care systems appear to have little effect on the 
degree of variability of the procedures studied. 
In conclusion, it is evident that there exists high variability in utilization 
rates associated with procedures where there is not clearly defined indications for 
surgery, where there are alternative modalities of treatment in existence (Phelps 
1992), or when defined norms for the treatment of a particular condition do not 
exist (Wennberg et al. 1984). Clearly then, low variation occurs in conditions 
where the consequence of surgical or medical interventions are clearly 
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understood, appropriate alternative treatments do not exist (Phelps 1992), or when 
professional consensus on treatment policy exists. 
2.6 VARIATIONS IN UTILIZATION RATES DUE TO HEALTH CARE 
RESOURCE VARIABILITY 
Variation in health care resources has been cited frequently in the literature 
as determining part of the variation in utilization rates. Divergences among 
different communities' methods of delivering health care are thought to contribute 
to regional variations in health care. There have been several studies that 
demonstrate a relationship between utilization rates and the supply and type of 
health resources, and the access to such resources. 
2.6.1 Supply and type of resources 
In ideal circumstances, the supply of physicians and resources would be 
equal to the patients' demands for service. In smaller, well-defined market areas, 
the supply of health resources (e.g. supply of physicians, surgeons, beds etc.) has 
been shown to impact on utilization rates. Wennberg et al. (1973) in their study of 
13 hospital service areas in Vermont determined the age-adjusted utilization rates 
for medical and surgical procedures and reported ranges of per capita rates for 
resource availability, expenditures, and hospital utilization. The difference in rates 
was found to be statistically significant using chi-squared tests, confirming that 
rates varied across the 13 areas significantly more than would have occurred by 
chance. The range of rates was large: hospital discharge rates ranged from 122 to 
197 per 1,000; surgical rates ranged from 36 to 99 per 1,000; and hospital 
expenditures ranged from $58-120 per capita. Of the surgical procedures 
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examined, the tonsillectomy had the greatest variation of II-fold with a low of 13 
per 10,000 to a high of 151 per 10,000. Interestingly, a significant correlation 
(r=0.64) was found between the surgical rate and the number of physicians 
performing the surgery in relation to the amount of health resources available. 
There was also a positive correlation between the number of surgical procedures 
and the number of hospital beds (Wennberg & Gittelsohn 1973). 
Wennberg & Gittelsohn (1982) extended their 1973 study to include 193 
small areas found across six New England states whereby they reported 
distribution of rates for five surgical procedures that appeared to vary widely 
across each state. The per capita utilization rates of the various procedures 
reflected that the overall rate of surgery varied by a factor of two. Once again, the 
tonsillectomy rate proved to have the highest variation, with a six-fold difference 
between the highest and lowest rates. There were four-fold differences between 
the highest and lowest rates for hysterectomies and prostatectomies (Wennberg & 
Gittelsohn 1982). Of particular interest was that the surgical rate for a given area 
was strongly correlated with the number of hospital beds and surgeons per capita 
in the area. 
The study of Stockwell & Vayda (1979) in Canada compared the 
utilization rates of the 49 counties of Ontario. A five- to eight-fold variation in the 
age/gender standardized utilization rates of five surgical procedures was observed. 
Of the five procedures, the tonsillectomy and adenoidectomy rates proved to have 
the greatest variation. Similar to the results from Wennberg & Gittelsohn (1973 
and 1982), nearly half of the variation in the utilization rates of all the procedures 
examined was attributable to variation in availability of resources, namely hospital 
beds and physicians (general practitioners and specialists). Overall, hospital beds 
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served to explain the greatest percentage of variation as opposed to the number of 
physicians. Within the physician group, specialists explained more of the variation 
than did general practitioners. One explanation for the physician and hospital bed 
influence may be that counties with university teaching centres tended to have 
more beds and physicians at their disposal. Despite having the availability of 
higher resources, the five counties with university teaching centres tended to have 
the lowest utilization rates for all of the procedures. As utilization rates were 
measured in terms of the county of residence of the patient, this apparent paradox 
was interpreted by Stockwell & Vayda. (1979) as being due to the flow of patients 
referred for surgery from other counties reducing the rate of operations able to be 
performed on residents of the teaching centre counties. On the other hand, Blais 
(1993) suggested that teaching centre hospitals may be more conservative in 
regard to operation propensity, given the higher levels of clinical feedback among 
physicians in such a setting, and given also the likely greater array of treatment 
alternatives available in such hospitals as a result of higher funding levels. 
In contrast, other small area studies have been unable to observe any 
correlation between the availability of surgical resources and variations in 
utilization rates. Roos et al (1977) studied tonsillectomy and adenoidectomy 
utilization rates for the nine health service regions of Manitoba. They found that 
utilization rates varied two-fold from a low of 81 procedures per 10,000 to a high 
of 164 per 10,000 population. No statistically significant correlations were found 
between the number of physicians performing tonsillectomy and adenoidectomy 
and the rates of these procedures. Roos (1984) in another study examined 
hysterectomy rates for 33 hospital catchment areas in Manitoba and found there to 
be a fi ve-fold difference between the lowest and highest rate. Once again, there 
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was no relationship observed between physician or bed availability and 
hysterectomy utilization rates. 
The various studies indicate III general that there is evidence of a 
relationship between utilization rates and health resources (as measured by rate of 
physicians, number of hospital beds, university teaching centres and teaching 
hospitals, etc), but that this may depend upon the particular operation(s) being 
studied, and upon the suite of variables measured. Clearly, quantifying the role of 
each type of health resource is necessary to obtain further understanding of the 
influence of health resources on surgical utilization variation. 
2.7 INFLUENCE OF PHYSICIAN PRACTICE STYLE ON HEALTH CARE 
UTILIZATION 
The characteristics of the providers of health care (physicians) may 
influence utilization rates. The hypothesis of the importance of physician practice 
style emerged due to the large variability in rates that existed even after holding 
important demand factors such as age, income, and insurance coverage, constant. 
Green & Becker (1994) suggested that the assumption that utilization variation is 
the result of differences in doctors' decision making is so widely accepted that the 
terms "area variation" and "practice variation" are now used interchangeably in 
the literature. Glover (1938) was one of the first to introduce the notion that the 
medical opinion of practitioners on the indications for surgery may help explain 
the variation in utilization rates. This explanation has been popularized throughout 
the literature (Barnes & Zubkoff 1982; Folland & Stano 1990; Phelps & Parente 
1990; Chassin. 1993; Poma 1999). While Wennberg (1984) refers to it as a 
"practice style factor" others have preferred to call it "professional uncertainty" 
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and "physician enthusiasm" (Wennberg et al. 1984). Regardless of the term used 
to describe it, it is accepted that professional opinion differences do arise when 
there is an apparent lack of consensus as to how effective a particular medical 
procedure may be. Wennberg et al. (1992) expressed the issue well by 
summarizing an old study by the American Child Health Association (1934) that 
clearly demonstrates the issue of variation in the judgment of physicians. In this 
study, 600 (60 %) of a sample of 1,000 New York school children studied had 
their tonsils extracted. The remaining 400 (40 % of the remaining sample) were 
examined by school physicians and recommendations were put forward that 180 
(45%) of this remaining group should have their tonsils removed also. A further 
examination of this remaining group was performed by another group of 
physicians who, in tum, recommended that a further 99 (45%) children have their 
tonsils removed. The remaining children left in the final group were again 
examined by physicians who, in tum, recommended that a further 36 (44%) of 
them have their tonsils removed. Of the 1,000 original children, only about 60 
were not required to have their tonsils removed (Wennberg 1992). This seems to 
place the criterion not in afixed attribute of the patient but in a fixed probability 
criterion of the physician, whatever the sample presented. 
Although physicians' style of managing patients has been shown to 
influence whether a physician will or will not hospitalize a patient, the physician 
decision-making differences have not been shown to directly influence variation 
rates at a county-wide level. One attempt to show this relationship was not 
multivariate and therefore had many influential factors left unspecified (Wennberg 
et al. 1997). If indeed practice style is important to variations then the effects that 
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bear on practice style need to be illustrated. Influences on physician practice style 
include professional training and professional feedback. 
2.7.1.1 Professional training 
Schacht & Pemberton. (1985) determined that there is a lack of universally 
accepted sets of indicators for too many common surgical procedures. In addition, 
they stated that when physicians prescribe treatment alternatives to their patients, 
this is usually done on the basis of the physician's past experience and their 
current knowledge of these treatment alternatives. The recommendations made by 
physicians are not necessarily based upon empirically established indictors as to 
which treatment is regarded as the most beneficial. 
Physicians are also likely to practice the way they were taught, especially 
if their treatments have appeared to be successful in the past (Leape et al. 1989). 
As the physicians' skills develop, their methods tend to adhere to the 
recommended way to do things. The costs incurred by waiting for physicians to 
acquire these new skills can be high. Emerging local "schools of thought" are not 
subjected to the usual market forces, as medical care is generally regarded as a 
local service industry (Phelps 1992). As such, ineffective treatments would in the 
long term be replaced by superior treatments, but this is reduced somewhat by the 
localized structure of the medical marketplace. Conformity to the standards of the 
local service industry is reinforced by threats of malpractice and the need to 
conform to the standards set by one's peers. This is based in the contexts of public 
expectation (an intervention-minded public) and competition among physicians. 
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2.7.1.2 Role offeedback 
Wennberg et al.(1984) suggested that the influence of physician's 
attitudes largely control the delivery of individual practice styles, the variation in 
which influences utilization rates. They investigated the effect of feedback on 
each area's tonsillectomy rate and presented the results to the Vermont Medical 
Society. As a result of this initiative, a special program was instituted to influence 
the area with the highest utilization rate. The instituted "second opinion" program 
was credited with reducing the probability of tonsil removal from 0.6 % to 0.1 % 
for a person living in the area who was under the age of 20. As the rates at the 
hospitals in adjacent districts did not appear to increase, it was suggested that 
consumer demand did not contribute to the high utilization rates in any fixed 
fashion. 
2.7.1.3 Appropriateness and justifiable treatment 
In the 1980s, the study of practice variation concerned itself with the issue 
of whether "inappropriate" or "unnecessary" use of medical services explained the 
geographical variation in utilization rates. Chassin et al. (1987) and Green et al. 
(1994) suggested that it does not. 
Chassin et al. (1987) examined how "appropriately" three investigative 
medical procedures were used in areas where utilization rates varied significantly. 
The rates for coronary angiography, carotid endarterectomy and upper 
gastrointestinal tract endoscopy, were determined for the Medicare eligible 
population (mainly those over 65 years) in five sites across the US. By using a 
scale that rated whether or not the indications for using the procedure were 
appropriate, equivocal, or in~ppropriate, Chassin et al. calculated that 17 % of 
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coronary angiographies, 32 % of carotid endarterectomies and 17 % of upper 
gastrointestinal endoscopies were deemed to have been perfonned for 
"inappropriate" reasons. Differences were found supporting the hypothesis that 
areas with high utilization rates had more "inappropriate" or fewer "appropriate" 
procedures. The authors, however, concluded that the differences In 
appropriateness could not fully explain the large differences in overall rates. 
Green & Becker (1994) examined two hospitals' admission rates for 
consumers suspected of suffering acute cardiac ischaemia (reduced blood flow to 
the heart muscle). The hospitals were located in different towns that were nearly 
identical with respect to age-sex structure, income distribution and education 
levels. The admission rate for one town was 153 per 10,000 population compared 
to 56 per 10,000 for the other. A score representing the probability that a person 
has suffered acute cardiac ischaemia was determined for each admission. For all 
levels of this score, i.e. for all levels of probability that the person is suffering 
from acute cardiac ischaemia, the likelihood of being admitted in either of the 
hospitals was similar (Green & Becker 1994). It was concluded that the doctors 
did not differ in how they treated this group and hence variation in medical 
decision-making did not contribute to the observed variation hospital admission 
rates. What was found was that nearly twice the number of people with acute 
cardiac ischaemia presented to the high-admission hospital than did to the other 
hospital. The researchers raised the issue that policies targeting areas with high 
utilization rates may reduce both necessary and unnecessary care. 
Dyck et al. (1977) reported the results of a longitudinal study that showed 
that the number of hysterectomies perfonned in Saskatchewan from 1964 to 1971 
increased by 72 %. Data for 1970 showed that the hysterectomy rate ranged from 
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126 per 10,000 females in City "A" to 50 per 10,000 in City "B". A committee 
was established and developed a list of indications to assess whether or not the 
procedure had been performed for justifiable reasons. The committee's findings 
were communicated to the city's hospitals. The "unjustified" procedure rate as 
measured dropped from 24 % in 1970 to 8 % by 1974. The rate in City A dropped 
to 52 per 10,000 females and in City B to 36 per 10,000, with the overall rate 
decreasing 33 % (Dyck et al. 1977). Such a dramatic change in a procedure's 
utilization rate, along with the highly variable utilization of other procedures, has 
led to allegations that "unnecessary" surgery is being performed. 
It appears that physician practice style variation contributes to utilization 
differences, yet the extent of the contribution remains poorly constrained due 
mainly to a lack of direct measurement of physician practice style. There is a need 
to measure variation in practice style, and to determine its effect on utilization 
rates relative to other determinants (Folland & Stano 1990). 
2.8 SUPPLIER INDUCED DEMAND 
Another issue that relates to the practicing style of practitioners is the 
theory of "supplier induced demand" (SID). SID is based on the fact that a 
consumer's medi~al practitioner is usually both their agent (for providing them 
with information and advice about medical procedures) and their provider (of 
medical care). Medical practitioners act as agents for consumers because of the 
information asymmetry that exists between the two. The theory of SID is that the 
agency relationship is not perfect and that medical practitioners use their influence 
over consumers to generate demand for the services they provide by acting out of 
financial self-interest (Folland & Stano 1989; Folland et al. 1993). Such forms of 
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influence include time spent by the physician infonning and persuading a patient 
about a particular treatment strategy or surgical intervention, advertising, and 
attempts to reduce waiting times. Folland & Stano (1989) differentiate practice 
style from SID, in that they believe practice style on one hand to be an exogenous 
set of beliefs about the relative efficacies of different treatments, whereas SID on 
the other hand is an endogenously chosen level of influence on patient demand. 
Normal market mechanisms are interfered with under SID, as consumer 
sovereignty may not be in operation in the medical market (Wennberg et al.1982). 
If the SID concept is correct and medical practitioners are influencing 
demand for medical procedures out of self-interest, then SID could be viewed as a 
possible explanation for utilization rate variation. SID-type effects, where 
availability of medical care supply variables (such as numbers of hospital beds, 
supply of physicians) are seen as detennining use (demand) in the sense of 
supplier-induced demand, have been reported by, for example, McPherson et al. 
(1981) and Roos & Roos (1982). However, Folland & Stano (1990) argue that 
there are interpretational difficulties in postulating that supply variables influence 
demand in a SID fashion, as there are no clear mechanisms that specify how 
greater levels of availability result in increases in demand. They conclude that the 
results of SA V studies concerning the significance of supply variables are 
consistent with simple demand and supply models in which there are no SID 
effects, and that SID cannot be inferred from significant correlations between 
supply variables and utilization rates. 
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2.9 SUMMARY 
From the review it may be concluded that small area variations represent 
the differences in the utilization of health care services across geographic areas. 
These differences have caused concern among the health care community and 
health services researchers because they suggest that there are differences in the 
quality of care provided across geographical areas, as well as inefficient delivery 
and poor use of precious health care resources. As seen in this chapter, these 
concerns have lead to the accumulation of a large body of literature concerned 
with small area variations. 
Based on this review it became clear that regardless of the measure, 
studies have documented wide geographic variation in the utilization of many 
surgical and medical procedures. The rates at which various procedures are 
utilized appeared to vary significantly across geographic areas. One reason for 
SA V is the difference in morbidity across areas, whether it is due to differences in 
age distribution, or gender distribution and/or other causes. If morbidity were 
found to be higher in particular geographical areas, variation would be warranted 
and even desirable. The concern over the varying utilization rates would be 
reduced and attention would be focused on why certain communities had low or 
high morbidity levels. 
Market forces causmg variation include all the supply and demand 
influences as well as inducement effects thought to affect the provision of hospital 
services. While the illness level of an individual is the key determining factor for 
whether medical attention is sought, it is also apparent that socio-economic 
variables (e.g., education, income, etc.) also influence whether an individual seeks 
medical attention and ultimately, if necessary, agrees to receive surgical treatment. 
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Demand factors are, in themselves, incapable of explaining the amount of small 
area variation observed without also considering the supply factors. 
The existence of significant variations in the utilization rates of medical 
and surgical procedures for different populations has been established empirically. 
The variations have been consistently found when either neighbouring 
communities or nations with different health care systems have been studied, and 
for numerous different types of procedures. A variety of variables have emerged 
but have not been able to completely explain the variations. As such, the 
uncertainty within the medical profession as to the effectiveness of treatment 
strategies (including surgical procedures) is currently the popular explanation for 
the unexplained variability in utilization rates, although there has been some 
recent evidence that "patient preference" is also likely to partially explain 
utilization variability. Escarce (1993) suggested that results of the SA V studies 
have " ... reinforced concerns that medical services are allocated arbitrarily and 
inappropriately rather than according to medical need or other patient demand 
factors." On the other hand, the medical profession is concerned that policymakers 
and financiers of health care may too readily accept (perhaps incorrectly) that the 
reason for the variation in utilization is "inappropriate utilization", and in doing so 
may target high-rate areas with either incentives or regulatory sanctions (Escarce 
1993). 
To further explore SA V and the factors affecting utilization in this study, a 
condition and surgical intervention that incorporate many of the discussed 
variables needed to be selected. The chosen medical condition and the surgical 
procedure associated with it are discussed in chapter 3. 
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Chapter 3: Selected Surgical Procedure 
3.1 INTRODUCTION 
A specific surgical condition was needed with which to study small area 
variation and the factors associated with the variation in the utilization of health 
services. Otitis media, a generic term for inflammation of the middle ear behind 
an intact membrane (Fireman 1997), was the chosen medical condition for the 
following reasons: It has a high condition prevalence (e.g. Bluestone 1993; Stool 
et al. 1994c; Bluestone 1998), and its incidence appears to be increasing (Stool et 
al. 1994d); the economic impact is considerable (e.g. Coyte et al. 1998, 1999); its 
treatment is controversial (e.g. Bonatia et al. 1992; Seidman 1996), and variations 
occur in the management of treatment (e.g. Bluestone 1989, 1998; The Otitis 
Media Guideline Panel 1994; Hsu et al. 1998); and large inter-area variations exist 
in the rates of otitis media (e.g. Phelps & Parente 1990). 
The selected surgical procedure selected with which to study SA V was 
"myringotomy with insertion of ventilation tube" or MVT. MVT is one of the 
surgical treatments for otitis media, and was chosen for the following reasons: 
There is disagreement among surgeons concerning the patient indicators for the 
insertion of ventilation tubes (e.g. Heald et al. 1990); the decision to use the 
procedure is a difficult one with respect to its relative advantages and 
disadvantages compared to other treatments (e.g. Marchant & Collison 1987; 
Mandel et al. 1992; Maw 1995); it is one of a number of surgical options (e.g. 
Black et al. 1990; Berman et al. 2000) further adding to variability in its 
application; it is a common procedure-rates vary among areas and countries, but 
range from around 0.5 % of children < 16 yrs age (Bisset & Russell 1994) to 1 % 
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of children < 20 yrs age (To et al. 1996) to 3 % of children < 30 months age 
(Berman et al. :2000); and MVT utilization rates have previously been 
demonstrated to vary significantly across small areas (Black 1985a; Bisset & 
Russell 1994; To et al. 1996). 
3.2 OTITIS MEDIA 
Otitis media (inflammation of the middle ear) is a term that refers to a 
range of acute to chronic middle ear diseases that may be with or without acute 
symptoms and include otitis media with effusion (OME), acute otitis media 
(AOM) or recurrent acute otitis media (RAOM) (Fireman 1997). OME is defined 
as "fluid in the middle ear without signs or symptoms of ear infection" (Stool et 
al. 1994a). Effusion may occur spontaneously or as a result of a recent acute 
infection. Persistence of middle ear effusion places children at risk for acute 
infections. AOM is the presence of fluid within the middle ear accompanied by 
signs or symptoms of ear infection. 
Otitis media usually occurs in infants and toddlers, but it can potentially 
exist in any age group. Most children experience one or more episodes before the 
age of 6 (Stool et al. 1994b). Boys are more affected than girls and native 
Americans, Aborigines, and Eskimos more frequently than Caucasian children 
(Maw 1995). Anatomical differences have been suggested as the reason for the 
gender and race differences in incidence. Environmental factors such as 
attendance at public day centres, seasonal variation (a higher prevalence in colder 
months) and passive smoking have also been related to the incidence of OME. 
Following every episode of otitis media, fluid persists in the middle ear for 
weeks to months. The natural history of the condition is one of recurrence and 
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resolution, with complete resolution increasing with age. Zielhuis et al. (1989) 
state that 50 % of effusions resolve within three months but 5 % persist for greater 
than 12 months. Persisting presence of the fluid within the middle ear may result 
in hearing impairment. The effects of recurrent or persisting middle ear disease is 
a concern as temporary hearing loss during childhood may occur during critical 
periods of speech and language development (Zielhuis et al. 1989). The hearing 
loss may be initially detected by routine screening procedures of young children, 
as the child may otherwise be symptom-free. Alternatively, Shapiro et al. (1995) 
and Maw (1995) report that the hearing loss may present via speech, language or 
learning delays that result in educational or behavioural difficulties, especially in 
children under the age of three (Maw 1995; Shapiro & Bluestone 1995). There 
may be a two-year delay between the first suspicion of hearing loss and the 
presentation of a child with OME to an appropriate medical specialist (Maw 
1995). 
Symptoms of AOM may include fever, congestion, and tugging at a 
painful ear (Browning 1990; Croteau et al. 1990; Casselbrant et al. 1992). While 
OME has no acute signs or symptoms, it may present subtle symptoms such as 
inattention or mild hearing loss. 
3.3 PREVALENCE 
Otitis media is the most common medical problem seen in children 
younger than 15 in North America (Bluestone 1993). In addition, it has been 
found to be the most common reason for children to be admitted to hospital for 
surgery (Maw 1995). According to Casselbrant et al. (1985), 30 % of the children 
age two to six years in childcare had recurrent otitis media. Stool et al. (1994) 
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state that "otitis media affects two-thirds of American children by two years of 
age, making it the most common diagnosis of children and the second most 
common diagnosis in medicine." A total of 53 % had at least one episode of OME 
during the first year of the study and 61 % in the second year. The researchers also 
found that, in 80 % of the same children, otitis media cleared within two months 
without any treatment (Stool et al. 1994c). Teele et al. (1989) found that by one 
year of age, 62 % of children had at least one episode of AOM. They further 
reported that by three years of age, 83 % of children had at least one episode. The 
study concluded that peak incidence occurred between six to 12 months. They 
also reported that almost all children experience one of more episodes before the 
age of six. The prevalence decreases with age and the condition is rare in adults 
(Teele et al. 1989). 
RAOM and OME are among the most common diagnoses for children 
(Paradise 1972; Bluestone 1982; Black 1984; Bluestone 1989). The condition is a 
frequent complication of upper respiratory tract infections, with a prevalence of 
20 % at two years of age (Zeilhuis et al. 1990; Wald 1991; Infante-Rivard & 
Fernandez 1993) and 15 % at five years of age (Zeilhuis et al. 1990). By one year 
of age, 30-60 %. of children will experience at least one episode and by seven 
years 90 % may have been affected (Teele et al. 1989; Infante-Rivard & 
Fernandez 1993). 
3.4 INCIDENCE 
Otitis media is the most frequent reason that children younger than 15 
years of age visit doctors in the US (Stool et al. 1994c). Recent evidence suggests 
that the incidence of otitis media in children under the age of 15 has increased 
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almost 150 % from 1975 to 1990, resulting in an increased number of visits to 
doctors for this condition (Stool et al. 1994d). The figure could actually be higher 
because asymptomatic otitis media often goes unnoticed in children presenting 
with problems unrelated to ears (Bluestone 1993). 
A variety of intrinsic risk factors have been found for otitis media disease. 
These include age, with a higher incidence in younger children; age at onset of 
first infection, with early age increasing the risk for repeated infections; family 
history of otitis media; and gender (Klein & Rosner 1989; Casselbrant et al. 
1992). Race may also playa role. Hardy & Fowler (1993) concluded that white 
and Hispanic children had an increased risk when compared to African-American 
children (Hardy & Fowler 1993). Stewart (1992) found Native American children 
also to be at increased risk. These demographic factors clearly play into the 
overall incidence of otitis media in a given area. 
Certain congenital anomalies also increase the incidence. These include 
Down syndrome, cleft lip or palate, Turner syndrome, Apert syndrome; other 
craniofacial syndromes and autism (Smith et al. 1988; Sando & Takahashi 1990; 
McGill 1991; Bluestone et al. 1994). External factors can also increase the 
incidence such as attendance in group childcare programs (Hardy & Fowler 
1993). Casselbrant et al. (1985) found higher rates of otitis media in winter 
seasons. Other important contributing risk factors include upper respiratory 
infections (Henderson et al. 1982), bottle feeding (Saarinen 1982), and HN 
infection (Barnett et al. 1992). 
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3.5 ECONOMIC IMPACT 
The economic impact of otitis media is considerable. More than $4 billion 
is spent annually on medical and surgical treatment in North America (Coyte et al. 
1998, 1999). The estimated annual health cost in the US is $3.5 billion (Bluestone 
1989; Stool & Field 1989), and in Canada, over $ 600 million (Coyte et al. 1999). 
3.6 CONTROVERSIAL TREATMENT 
Despite decades of experience with this common illness, the treatment of 
otitis media remains controversial (Seidman et al. 1996). Many treatments for 
otitis media have been advocated, including watchful waiting, decongestants, 
antibiotics, steroids, and surgery. Surgical treatment of otitis media often involves 
myringotomy with insertion of ventilation tube (MVT). Maw (1995) suggests that 
the decision whether or not to operate is difficult due to the condition's high rate 
of spontaneous resolution over time. Surgery is recommended where persisting 
disease with significant hearing loss or symptoms due to hearing loss are 
established (Maw 1995). 
The objectives of the MVT are, in rough order of importance, to: (i) 
improve the hearing by removing fluid behind the eardrum; (ii) break the cycle of 
chronic low-grade infection, by aerating the eardrum in a way that the immature 
eustation tube cannot; and (iii) to restrict the possibilities for eardrum pathology. 
In addition, it may also serve to drain residual or recurrent secretions 
postoperatively. In many countries, MVT is perfonned as an office procedure for 
both children and adults. In Canada, it is perfonned under general anaesthesia for 
children and as an office procedure for adults. During surgery, an incision is made 
in the tympanic membrane (eardrum). Fluid that has become trapped behind the 
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eardrum is aspirated. A ventilation tube is then inserted into the tympanic 
membrane. The tube will usually extrude spontaneously 6 to 18 months following 
insertion, depending on its shape and size and on host factors (Bright 1993). 
In order to be considered efficacious, treatments of otitis media (both 
MVTs and their alternatives, e.g. decongestants, antibiotics, antihistamines and 
steroids) must demonstrate that they can decrease some of the adverse outcomes, 
including the recurrence of OME, persistent effusion, hearing loss, developmental 
delay, and learning difficulties relative to potential adverse results following an 
MVT. A recent meta-analysis (Bonatia et al. 1992) addressed the efficacy of 
prophylactic antibiotics and reported a 78 % reduction in otitis media recurrence 
rates, but the effect was limited in duration. Results were less consistent for time 
with effusion, with no gain over placebo when measured for over one month. 
Hearing and language outcomes were not considered, however. 
To date, there has been a shortage of randomized trials that compare 
watchful waiting with ventilation tube surgery to help guide clinical management. 
Black et al. (1990) reported results of a randomized controlled trial of 4-9 year 
olds, which compared the effectiveness of MVT surgery with other surgery types 
and no surgery. Hearing was better in the MVT group than the no-surgery group, 
as measured in the short term (for at least six months), although the relative 
benefit largely disappeared after 12 months. More recently, Maw et al. (1999) 
presented details of a trial that showed a small but significant benefit for early 
surgery over watchful waiting in young children with OME for speech and 
language after a period 9 months. However, delaying surgery for 9 months did not 
affect these outcomes as measured after 18 months. 
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3.7 VARIATIONS IN THE MANAGEMENT OF TREATMENT 
Most otitis media cases start in primary care and are managed by family 
physicians, general practitioners or paediatricians. The treatment that is often 
provided is in the form of a 5-10 day antibiotic regimen. However, significant 
uncertainty exists about the optimal management strategy for single episodes of 
OME (van Buchem et al. 1981; Bluestone 1982; Gold 1988). Standard North 
American recommendations are for 10 days on antibiotic treatment (Bluestone 
1982; Gold 1988; Stool et al. 1994b), although this is not endorsed internationally 
(Browning 1990). A survey of treatment decisions by GPs reported large 
international differences in prescription rates of antibiotics, from 31 % in the 
Netherlands to 98 % in Australia and New Zealand (Froom et al. 1990). 
The course of the illness is monitored over the treatment period. 
Recurrences are managed in the same manner, until a "threshold" is reached. The 
threshold is defined typically in terms of the number of episodes, the duration of 
episodes, the lack of response to antibiotics, or hearing deficiency. Such 
thresholds are stated in the guidelines for the management of otitis media with 
effusion in young children (The Otitis Media Guideline Panel 1994). Specifically, 
those guidelines specify that referral to a specialist for consideration for surgery 
should be made if a child has had bilateral effusion for a total of three months and 
who has a bilateral hearing deficiency of a 20-decibellevel (or worse). Of course, 
practice variations exist among paediatricians and GPs, and individual physicians 
have different treatment strategies and different thresholds at which they would 
refer. Roark et al. (1995), in a study of Colorado physicians, reported that the 
proportion of physicians who would refer for MVT surgical consideration after 
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the first episode of acute otitis media while the patient was receiving antibiotic 
prophylaxes was 21 %; after the second episode, 48 %; and after the third episode, 
14 %. An additional finding was that GPs would refer patients for MVT surgery 
three times as often than paediatricians at the 9-week visits. Clearly. 
disagreements among physicians concerning the indications for referral of patients 
are wide. 
After referral to an otolaryngologist, further uncertainty occurs about the 
importance of specific indications for MVT and the threshold at which surgery 
should take place (Heald et al. 1990; Berman et al. 2000). In a survey of 
otolaryngologists in the US, Heald et al. found that the five most important 
indicators, as rated out of a list of 22, were: the persistence of fluid for 3 or more 
months per episode, the presence of speech-language delay, the presence of 
bilateral hearing loss of 20 decibels or more, the total number of episodes of otitis 
media, and the lack of response to suppressive antibiotic therapy. However, there 
was disagreement among physicians regarding the importance even of these 
highest-ranked indicators, with responses for them ranging from "unimportant" to 
"very important". Clearly, differences exist among specialists concerning the 
indications for MVT surgery. An assessment of the appropriateness of proposed 
MVT surgery in American children, using indications derived by an expert panel, 
concluded that up to 25 % of all such proposed surgeries were inappropriate 
(Kleinman et al. 1994). Given the extent of disagreement about the best clinical 
treatment, much room exists for variation in the use of MVT. 
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3.8 VARIATION IN RATES OF TREATMENT 
Wide variations in the provision of health services for childhood otitis 
media have been reported both internationally and across regions within a given 
country (e.g. Black 1985a; Pederson & Olsen 1990; School of Public Health 1992; 
Bisset & Russell 1994; Stool et al. 1994a; Berman 1995). Since first advocated in 
1954 (Armstrong 1954), MVT has been and continues to be the surgical procedure 
of choice performed on children for OME. Currently MVT surgery is one of the 
most common ambulatory procedures performed in North America (Croteau et al. 
1990; Bright 1993; Berman 1995), and in Europe (Black 1985a; Pederson & 
Olsen 1990; Bisset & Russell 1994) with approximately one million MVT 
procedures performed annually. 
In England, Black (1984, 1985) reported that the rate of myringotomy, 
with or without the insertion of ventilation tubes or other adjuvant surgeries varied 
sevenfold across health districts and twofold across regional health authorities. 
Bisset & Russell (1994) described a fourfold variation in MVT rates across 
Scottish health boards. Moreover, in 1990, MVT was performed at twice the rate 
in England compared to Scotland (Black 1984; Bisset & Russell 1994). 
A total of 27,395 MVT procedures were performed in Ontario in 1995 
(Coyte et al. 1996), making the provincial rate 8.211 ,000 children. It should be 
kept in mind that Ontario contains approximately 40 % of the Canadian 
popUlation, and as such has a considerable influence on the national Canadian 
MVT rate. MVT rates in children under 18 in the United States were estimated at 
12/1,000 in 1988 (Bright 1993). 
These rate variations, when unrelated to the prevalence of disease or 
patient preference, raise concerns about access to care, health system costs, and 
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treatment appropriateness (Greenfield 1989~ Salive et al. 1990~ Kleinman et al. 
1994). 
3.9 SUMMARY 
The clinical management of OME is controversial, due in part to the 
condition's high rate of spontaneous resolution over time. The MVT procedure 
represents a surgical intervention for the condition for which it could be said there 
is a lack of consensus within the medical profession concerning its efficacy 
relative to alternative treatment strategies and its appropriate utilization. This lack 
of consensus may be a source of small area variations in the procedure's 
utilization rates. The specification of a model, intended to incorporate the factors 
that potentially have a significant influence on small area variations in MVT 
utilization rate, is discussed in Chapter 4. 
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Chapter 4: Model 
4.1 INTRODUCTION 
As a restatement from Chapter 1, the research questions to be addressed in this 
study are as follows: 
1. Is the small area variation in MVT rate in Ontario, Canada, greater than would 
be expected by chance? 
2. To what extent can the observed small area variation in MVT surgical rate be 
explained by health care system variables such as physician opinion 
concerning indications for and benefits of the procedure, physician 
demographic characteristics, and the availability of general practitioners and 
specialists? 
3. What role, if any, do the location of residence (urban or rural area) and the 
socioeconomic status of the patient play in explaining the observed variation 
in surgical rates? 
This chapter describes the variables that were measured in this study to 
address these research questions, and presents a model that relates them. 
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4.2 DEPENDENT VARIABLE USED IN THE MODEL 
4.2.1 Dependent variable: MVT surgical rate 
There is a general belief that variations in hospitalization reflect an 
inappropriate use of MVT surgeries, although the topic remains controversial. 
Much of the concern over variation arises from the fact that there is a widespread 
opinion that a "correct level" of service exists. Variation suggests that one or both 
ends of the distribution of physicians may not be performing the most appropriate 
level of service for their clients. MVT surgical rate has been the dependent 
variable for previous studies including Black (1985a), Bisset & Russell (1994), 
and Berman et al. (2000). The target population for the calculation of the rate 
must be specified, and has ranged from rates calculated for children aged < 24 
months through to rates for persons < 20 years of age. The rate must also be age-
sex standardized to account for differences in prevalence according to age and 
gender, details about which are provided in chapter 5. 
4.3 INDEPENDENT VARIABLES USED IN THE MODEL 
As discussed in chapter 2, area variation has been hypothesized to depend 
on regional variation in disease prevalence, patient preference and propensity to 
seek surgery, variations in clinical perceptions about the indications for and 
benefits of surgery, the supply of health professionals and other health care 
resources, and socio-economic factors. The independent variables or groups of 
variables selected in this study to explain the SA V in MVT rates across Ontario 
(assuming constant morbidity) are: 
PD independent variables denoting physician demographics 
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RPPS independent variables denoting referring physician's (GP, Paediatrician) 
practice style, including propensity to refer patient for surgery, threshold 
of referral, and perception of outcome of surgery 
SPS independent variables denoting ENT specialist's practice style, including 
propensity to perform surgery, threshold of performing surgery, and 
perception of outcome of surgery 
SP independent variables denoting the supply of physicians and patient access 
POP independent variables describing population characteristics (age 
distribution) 
GL independent variable denoting geographical location of patient (urban or 
rural) 
SES independent variable denoting socio-economic status of the patient 
The operational definitions of the independent variables were derived from 
several sources and are now described in greater detail. Details of the actual 
methods and procedures used for measuring the variables are presented in chapter 
5 (Methods). 
4.3.1 Physician demographics 
SA V in utilization rates may be influenced by physician demographic 
variables such as physician age, gender, year of graduation, and affiliation with 
medical school. The influence of such demographic characteristics of referring 
physicians and specialists may be expected to influence the clinical behaviour of 
physicians including their treatment strategies, and therefore modify MVT 
utilization rates. 
Poma (1999) correlated obstetricians' characteristics with caesarean 
delivery rates to determine the effect on delivery rates. The young age of 
physicians, graduation from a domestic medical school, a more recent graduation, 
58 
and practicing in a group practice were all significantly linked to lower caesarean 
delivery rates. There is a belief that physicians affiliated with medical schools 
may become aware of changes in treatment recommendations earlier than those in 
community practice. In addition, it would also seem that recent physician 
graduates would have been exposed to the most current research and therefore 
would also be aware of changes in treatment recommendations. 
Other studies that have examined the influence of physician demographics 
on surgical rates include Halliday and Le Riche (1987) who found that place of 
training explained a small percentage of variation in some surgical procedures, 
and Wright et al. (1999) who found no effect of various physician demographic 
characteristics on knee replacement surgical rates. This study uses several 
measures of physician demographics that could potentially explain some of the 
variance in MVT surgical rates: The percentage of referring physicians and ENT 
surgeons; the percentage of referring physicians and ENT surgeons trained in 
North America; the licence year of referring physicians and ENT surgeons; and 
the year of graduation of referring physicians and ENT surgeons. 
4.3.2 Physician practice style 
Medical uncertainty, the most cited explanation for area variation, leads to 
an array of different physician practice styles. Physician practice style is a 
measure of how physicians assess patient indications, how they decide treatment 
options, and how they decide upon which option(s) to use. Although physician 
practice style has generally been assumed to explain the variation in surgical rates 
unexplained by socio-economic, population, and medical supply factors, a few 
studies have quantified the effect of practice style on surgical rate variation. These 
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studies show that physician practice style differences do indeed contribute to area 
variation. 
Wennberg & Gittelsohn (1973) noted that rates for procedures or diagnosis 
with a single clinical option vary less than procedures or diagnosis for which 
many different treatments are available. Variations in the rates of procedures and 
diagnosis with more clinical options reflect variations in practice style and in how 
physicians diagnose and treat common clinical conditions (Dartmouth Medical 
School 1999). Therefore in the medical condition of otitis media, clinical 
indicators such as medical history, physical and audiological findings, and 
parental concerns can be used to measure the variation in practice style (variation 
in the physician propensity to refer for, or perform, MVT surgery). The propensity 
is a measure of the likelihood a physician will refer for, or perform, surgery on the 
basis of an assessment of the patient's indications. 
Patients' preferences concerning the treatment decision may have some 
influence on physician opinion and practice style. Physicians use their medical 
training to quantify the risks and benefits associated with the procedure, yet the 
patient may also be able to assess the risk and benefit. In the treatment of otitis 
media, it is usually the child who is the patient but due to their age they are 
represented by their parent(s). The patient's or parent's assessment of the 
risklbenefit may indeed be different from that of the physicians. For example, if a 
child has sustained multiple ROAM episodes, the physician may recommend 
MVT surgery and assess there to be a great benefit to the procedure. On the other 
hand, the parents of the child may not want their child to be admitted to a hospital, 
or have surgery, as they may think that there is a too large a risk for the child. The 
parents may have their own concerns with the proposed surgery weighing 
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increased use of antibiotics against, a surgical procedure, missed days of work (for 
themselves), missed days of school (for the child) and a generally unhappy child. 
In addition, recent research has suggested that an MVT results in a limited benefit 
on long-term language development (Maw et al. 1999). Although parent's 
preferences or concerns may differ from the physician's view, the degree to which 
parental concerns affect clinical decision-making depends upon how much weight 
the physician gives to parents' preferences (the influence of parental concerns on 
physician decision-making is measured in this study, as detailed in chapter 5). 
Regional variation can occur as a result of gaps in medical science and 
professional uncertainty about the implications for alternative treatments. When 
the medical science is unclear, physicians may be guided by their subjective 
opinions. The physicians' opinions are based on their own beliefs as to the benefit 
or adverse consequences of the procedure. The basic premise behind the idea of 
physician opinion is not that physicians are acting out of self-interest, but rather 
that there are honest differences in their beliefs and attitudes regarding the 
indications for, and effectiveness of, the procedure in question. 
Folland & Stano (1989) modelled physician practice style variation as a 
set of physician beliefs about the production function of health in an economic 
model of physician care utilization. Aspects of the production function are 
encapsulated in Figure 1, which illustrates different physician beliefs about the 
relationship between medical care and health status. Specifically, the figure shows 
two possible individual physicians' production functions (Sl and S2) for a patient 
with chronic otitis media, and an average curve, S. The y-axis of the graph in 
Figure 1 represents health status (HS) after treatment, while the x-axis represents 
increasing quantities (Q) of health care. It is important to register that the 
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horizontal line measures a composite of various kinds and degrees of medical 
care. This axis can refer, for example, to a simple initial office visit right up to a 
complex medical or surgical procedure. 
Figure 1: Different physician beliefs about the relationship between medical 
care and health (after Folland & Stano 1989). 
HS 
Differences in practice style are shown by curves Sl and S2, which 
represent two different physicians' be1i~fs about the true production function (i.e. 
two different physicians' contrasting practice styles). These reflect differences in 
beliefs by the two physicians about the marginal productivity of higher values of 
medical care. Physician 2 is shown as believing at each step that additional units 
of medical care are more productive than physician 1 believes them to be. For 
example, Physician 2 might be a physician who believes that surgery is quite 
effective, whereas Physician 1 has doubts about the effectiveness of performing 
the procedure. 
Differences III practice style provide a possible account for inter-area 
differences in utilization rates. If physicians of types 1 and 2 are not similarly 
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distributed across markets, then the rates for myringotomy will most likely vary 
between those markets. However, it is also possible to have wide differences in 
practice style across physicians within markets, but small inter-area variations, if 
the distribution of practice is similar across the markets. That is, the average 
practice style, as represented by curve S in Figure 1, could be similar across 
several markets. In these instances, the mean per capita rates of utilization across 
markets will be relatively uniform even while practice styles vary widely within 
markets. This possibility marks one of the difficulties of studying the practice 
style phenomenon through population-based utilization data, and is dependent 
upon whether or not the spatial structure of any clusters of practice style is finer 
than the size of the unit areas that yield the utilization statistics. 
For this study, physician practice style is represented by measurement of 
physician opinions concerning the indications for MVT surgery. Specifically, they 
are: the propensity of referring physician to refer (or propensity of ENT specialist 
to perform) MVT surgery; threshold of referral (or performance) for MVT 
surgery; and perception of outcome of surgery. Wright et al. (1999) used similar 
measures of physician propensity to refer/operate and perception of outcome in a 
study of knee replacement surgery utilization in Ontario, but did not use a 
measure of the threshold of surgical referral/performance. In previous studies of 
SA V in utilization rates, elements of physician practice style have generally not 
been measured, with the upper bound of the magnitude of its influence being 
inferred from the "unexplained variance" in rates (e.g. Wennberg and Gittelsohn 
1982; Phelps & Parente 1990; Escarce 1993). 
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4.3.3 Physician supply and patient access 
Measures of the availability of medical care resources have been used in 
many studies to explain variation in health care utilization rates, including surgical 
rates. Measures have included those relating to hospital bed supply (e.g. Stockwell 
& Vayda 1979; Wilson & Tedeschi 1984; Halliday & i.e Riche 1987). However, 
MVT surgery is primarily a day procedure with the vast majority of operations in 
Ontario (87 % between 1992/93 and 1994/95 (To et al. 1996» being performed on 
a day surgery basis. As such, hospital bed supply is a largely irrelevant variable, 
and measures of physician supply are more relevant. Studies that have found 
significant relationships between physician supply variables (generally rates of 
surgeons and/or general physicians per 100,000 population served) and surgical 
utilization rates include those of Stockwell & Vayda (1979), Roos & Roos (1982), 
Mindell et al. (1982), Wilson & Tedeschi (1984), and Halliday & i.e Riche 
(1987). Other studies that used such measures but found no relationship with 
surgical rates include those of Roos (1984) and Wright et al. (1999). The 
physician supply variables used in this study are the number of GPs per 100,000 
population; the number of paediatricians in each county per 100,000 children aged 
< 10 years old; and the number of ENT specialists serving each county per 
100,000 population. 
Regarding patient access and its possible influence on utilization rates, 
Bisset & Russell (1994) measured the waiting time for MVT operations in 
Scotland but found no significant effect on rates. McPherson et al. (1981) had 
earlier identified variables representing waiting time to be significantly related to 
surgical rates for various procedures. This study uses as patient access variables 
the waiting time between the referral by GP/paediatrician and the subsequent 
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consultation with ENT surgeon; and the waiting time between consultation with 
ENT surgeon and the subsequent MVT operation. 
4.3.4 Population characteristics 
Two population variables were used in this study, despite the fact that the 
age-sex standardized MVT was used as the dependent variable. Wright et al. 
(1995) found higher orthopaedic surgical rates in Ontarian counties with higher 
proportions of residents in the age groups of interest, even after adjusting rates for 
age. As otitis media is essentially a paediatric condition, and MVT insertions are 
performed primarily on such young patients, such an age effect may present itself. 
The two population variables measured in this study were the proportion of 
population aged < 10 years old, and the proportion of population aged < 20 years 
old. Most MVTs are performed on children younger than 10 years, and the study 
population (the basis for the MVT rate calculations) was children aged younger 
than 20 years. 
4.3.5 Geographic location (rural or urban residence) 
The health care provided in rural areas compared to urban areas has been a 
topic of discussion for a considerable time. In the urban-rural comparison, 
variation has been attributed to procedure intensity for basically similar patients 
(Cromwell et al. 1987). In rural Canada, there has been a documented lack of 
general practitioner and specialist physician supply that may affect the propensity 
of a client to seek medical services (Chan 1999). Patients in rural counties may 
face two obstacles to treatment-the lack of physicians (and therefore a longer 
wait to see a specialist), and longer distances to travel for treatment. For example, 
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surgery that would be performed on a same-day basis in an urban area might 
require an overnight stay in a rural area, because if complications arose, the child 
would not be close enough to be brought back to the hospital immediately. 
Urban-rural distinctions were measured in this study using a broad 
categorization of county status (a binary variable: urban or rural county) as 
provided by Statistics Canada (1997), based on census data that measure the 
density of people living in a county. 
4.3.6 Socio-economic status 
There is considerable interest in inequalities of access to health care due to 
socio-economic status, because health status is regarded as an important 
determinant of health care utilization (e.g. Andersen 1973; Aday & Andersen 
1981). In its role as a determinant of health status, SES demonstrates a direct 
association with age-specific morbidity and mortality (Hay 1988; Evans 1994). 
Therefore it follows that under a public health insurance system such as that in 
Canada, there should be an unequal distribution in the use of health care services 
by socio-economic level, with poorer persons consuming more services. 
SES has been linked with three characteristics: income, education, and 
occupation (Haug 1988; Liberatos et al. 1988). Two possible approaches to the 
analysis of the role of SES in explaining variation in rates are to examine 
separately the role of the individual components of SES, or to form a composite 
index. The second approach was used in this sfudy. 
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4.3.6.1 Deprivation Index 
A deprivation index collapses an array of socio-economic variables into a 
single indicator that describes socio-economic status. Carstairs' (1981 b) 
deprivation index was a function of four measures that included overcrowding, 
male unemployment rate, social class, and no car ownership. All of these 
measures were calculated on the basis of individuals, not households. Carstairs 
argued that this is preferable because the outcome variable being analyzed is also 
measured on individuals, and she states that calculating a deprivation score based 
on households rather than individuals would involve dilution and hence smaller 
correlations or effects of deprivation when examined with such an index. 
A study by Bisset & Russell (1994) that investigated relations between 
MVT rate and deprivation used the deprivation index measured by Carstairs 
(1981b). Morris & Carstairs (1991) suggested that it should be acceptable for 
most purposes in health care research, and a similar approach was taken in this 
study, with slight differences (explained in Chapter 5) in the composition of the 
index due to differences in census statistics. 
For this study, the index was terined a "deprivation score", calculated as a 
composite of four socio-economic indicators: the percentage unemployed persons; 
the percentage of males in non-white collar occupations; the percentage of low 
income families; and the average number of persons per room. This index was 
considered to satisfactorily encapsulate socio-economic status at both FSA and 
county levels, based on income and employment indicators. 
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4.4 MODEL 
4.4.1 Variables defined: Summary 
Previous studies as described in Chapter 2 suggest that SA V in surgical 
rates is influenced by various factors including physician characteristics, 
physician practice style, medical care supply variables, socio-economic status, and 
other variables such as population composition and urban/rural status. The 
inclusion of particular variables describing such characteristics has been justified 
in this chapter. In summary, the independent variables that are potentially related 
to the variation of MVT rate (the dependent variable) and which have been 
measured in this study, are as follows: 
1. Physician characteristics 
(a) Physician demographics (each calculated separately for the two groups: 
referring physicians and ENT specialists): percentage of female physicians; 
percentage of physicians trained in North America; year of licence; year of 
graduation. 
(b) Physician Practice Style (each calculated separately for the three groups: 
GPs/family physicians, paediatricians, and ENT specialists): propensity of GP or 
paediatrician to refer for, or propensity of ENT specialist to perform, MVT 
surgery; threshold of referral for, or performance of, MVT surgery; GP, 
paediatrician, or ENT specialist opinion of outcome of surgery. 
2. Physician supply and patient access characteristics: 
(a) Number of GPs in each county per 100,000 population; number of 
paediatricians in each county per 100,000 children aged < 10 years old; number of 
ENT specialists serving each county per 100,000 population. 
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(b) Waiting time between referral by OP/paediatrician and consultation with ENT 
surgeon; waiting time between consultation with ENT surgeon and MVT 
operation. 
3. Population characteristics 
(a) Proportion of population aged < 10 years old; proportion of population aged < 
20 years old. 
4. Geographical and socio-economic characteristics: 
(a) Urban-rural status of area. 
(b) Deprivation score (a composite of socio-economic indicators including % 
unemployed, % males in non-white collar occupations, % low income families, 
and average number of persons per room). 
4.4.2 Model specification 
The variation in MVT surgical rate can be described as a function of the 
independent variables in the following manner: 
MVT surgical rate = f ( PD, RPPS, SPS, POP, SP, GL, SES) 
where 
PD = independent variables denoting physician demographics 
RPPS = independent variables denoting referring physician's (GP, Paediatrician) 
practice style, including propensity to refer patient for surgery, threshold 
of referral, and perception of outcome of surgery 
SPS = independent variables denoting ENT specialist's practice style, including 
propensity to perform surgery, threshold of performing surgery, and 
perception of outcome of surgery 
SP = independent variables denoting the supply of physicians and patient 
access . 
POP = independent variables describing population characteristics (age 
distribution) 
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GL = independent variable denoting geographical location of patient (urban or 
rural) 
SES independent variable denoting socio-economic status of the patient 
The standard statistical approach to explaining surgical rate variation in 
previous multi variate studies (e.g. Vayda et al. 1984; Halliday & Le Riche 1987; 
McLaughlin et al. 1989; Phelps & Parente 1990; Wright et al. 1999) has been 
multiple regression analysis. This study uses that approach, and details of the 
particular methods of multiple regression analyses used are provided in chapter 5. 
To calculate the variation in the MVT surgical rate that the independent variables 
can explain, a linear, single equation, multiple regression model is used, and is 
specified in its maximum form as: 
where: 
Po is the intercept; 
PI-26 are partial regression coefficients; 
XI-26 are the independent variables as defined in Table 3; and 
e is the error term. 
70 
Table 3: Independent variables used in maximum model to explain variation 
in MVT rate. 
X Independent Variable Variable Group 
Xl Proportion of referring physicians who are female PD 
X2 Proportion of referring physicians trained in North PD America 
X3 Median licence year, referring physicians PD 
Xt Median graduation year, referring physicians PD 
X5 Proportion of ENT surgeons who are female PD 
X6 Proportion of ENT surgeons trained in North PD America 
X7 Median license year for ENT surgeons PD 
X8 Median graduation year for ENT surgeons PD 
X9 GP p_roQensity to refer for MVT RPPS 
XlO GP threshold for referral for MVT RPPS 
Xl1 GP opinion of outcome RPPS 
Xl2 Paediatrician propensity to refer for MVT RPPS 
X13 Paediatrician n threshold for referral for MVT RPPS 
Xl4 Paediatrician opinion of outcome RPPS 
Xl5 ENT surgeon propensity to perform MVT SPS 
Xl6 ENT surgeon threshold for performing MVT SPS 
X17 ENT surgeon opinion of outcome SPS 
Xl8 Paediatrician rate (paediatricians/lOO,OOO children SP < 10yrs) 
Xl9 ENT surgeon rate per 100,000 people served SP 
X20 Average wait for ENT surgeon consultation SP 
X21 A verage wait for surgery after consultation SP 
X22 GP rate (GPs/100,000 people) SP 
X23 Proportion of population aged <10 yrs POP 
X24 Proportion of population aged <20 yrs POP 
X25 Urban or rural location GL 
X26 Deprivation score SES 
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Chapter 5: Methods 
5.1 INTRODUCTION 
To recap, the purpose of this study is to examine and explain small area 
variation in MVT rates. To achieve this, variations in MVT utilization rates are 
measured for Ontario, Canada, for the period April 1, 1992 to March 31, 1998, 
and these rates are explained using health care variables (physician characteristics, 
physician practice style, physician supply, patient access) and patient 
characteristics (residence, socio-economic status). This chapter explains the 
methodology and methods used regarding the measurement of MVT rates and the 
small area variation in them, the measurement of physician characteristics and 
socio-economic status, and the explanation of MVT rate variation using the 
independent variables. 
5.2 THE STUDY AREA 
There are four reasons why Ontario, the most populous Canadian 
province, with over 11 million residents, provides a uniquely favourable setting 
for this study. First, Ontario hospitals are required to report all inpatient and same 
day procedures to a central registry. These procedures account for over 96 % of 
MVTs performed on children under 20 years of age (Ontario Ministry of Health 
1997), with the remaining procedures performed in private offices. 
Second, Ontario residents have universal and comprehensive public health 
insurance for all medically necessary services, without financial impediments to 
utilization. Since supplementary private health insurance for publicly insured 
services is prohibited under the Canada Health Act, surgery is available to all 
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Ontarians on equal financial terms and conditions. Thus, unlike studies from the 
United Kingdom (where some surgery may be performed outside the National 
Health Service) and the United States (where financial impediments may limit 
utilization), the data analyzed for this study capture the entire set of day and 
inpatient procedures performed on Ontario residents. 
Third, specialized care is not available without a referral from a primary 
care doctor (general practitioner, family doctor, or paediatrician). These "referring 
physicians" act as the gatekeepers to specialized care. Thus, the effects on surgical 
rates of both referring physician characteristics and specialist characteristics can 
be studied. This contrasts with the situation in the United States, for example, 
where a patient can contact a specialist directly. 
The province of Ontario is presently divided into 49 counties (Figure 2). 
To examine some aspects of SAY in MVT rate (as detailed in section 5.8), the 
three most populous counties were further subdivided in order to reduce the 
variation in population among counties. These three counties were subdivided into 
cites along existing administrative boundaries: Metropolitan Toronto (6 cities), 
Ottawa (3 cities) and Peel (2 cities), which resulted in a total of 57 geographic 
regions. For all other parts of the analysis, the 49 counties were used. 
The Canadian Census further subdivides each county into "forward 
sortation areas" (FSA), based on the first three (out of six) characters in the postal 
code. Ontario contains 478 FSAs, and except in rural areas, FSAs do not overlap 
county borders, so that each FSA is completely contained within a single county 
(but a county typically contains several FSAs). 
The determination of the overall statistical significance of the degree of 
small area variation was performed using both the 57 geographical regions (chi-
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square analysis) and the 49 counties (simulation analysis); the identification of 
areas with significantly low or high rates was perfonned using the 57 
geographical regions (chi-square analysis); and all other analyses, including 
multiple regression modelling to explain MVT rates, were perfonned using the 49 
counties and the 478 FSAs. The differences arise because some of the explanatory 
variables used in the regression models (including measures of physician 
characteristics) were measured at the county level, but not at the level of the cites 
into which the three largest counties were subdivided, as explained above. 
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Figure 2: Geographical distribution of the counties of Ontario. 
1: Kenora Dist. 14: Prescott & Russell 27: Simcoe 40: Nia,gara 
2: Rainy River Dist. 15: Storm.,Dundas, Gleng. 28: York 41: Oxford 
3: Thunder Bay Dist. 16: Leeds & Grenville 29: Metro Toronto 42: Brant 
4: Cochrane Dist. 17: Frontenac 30: Hamilton-Wentworth 43: Haldimand-Norfolk 
5: Al,goma Dist. 18: Lennox & Addin,gton 31: Bruce 44: Middlesex 
6: Sudbury Dist. 19: Hastin,gs 32: Grey 45: El,gin 
7: Timiskaming Dist. 20: Haliburton 33: Dufferin 46: Lambton 
8: Manitoulin Dist. 21: Muskoka Dist. 34: Peel 47: Kent 
9: Nipissing Dist. 22: Peterborou,gh 35: Wellington 48: Essex 
10: Parry Sound Dist. 23: Victoria 36: Halton 49: Sudbury Region 
11: Renfrew 24: Northumberland 37: Huron 
12: Lanark 25: Prince Edward 38: Perth 
13: Ottawa 26: Durham 39: Lambton 
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5.3 DATA SOURCES FOR THE MEASUREMENT OF MVT RATES AND 
SAY 
The data for MVT rates were obtained from the Canadian Institute of Health 
Information. Population statistics about age and gender, used for standardizing the 
rates at both county and FSA levels, were obtained from the 1996 Canadian 
census (Statistics Canada 1997). 
5.3.1 Same day surgery and inpatient hospital discharge records 
The Canadian Institute of Health Information (Clli!) is a federally 
chartered but independent not-for-profit organization. Among its functions, ClliI 
maintains a database of all discharges from acute care hospitals in Canada. This 
patient -specific database contains clinical, diagnostic, and administrative data on 
patient separations for all inpatient hospitalizations and same day surgery. The 
variables collected include the patient's age, sex, date of birth and place of 
residence, institution number, admission and discharge dates, patient diagnoses 
and co-morbidities, and procedures performed. Canadian health care regulations 
require that all inpatient hospitalizations and all same-day surgery be reported to 
ClliI. 
Records for all inpatient and same day discharges from Ontario hospitals 
between April 1, 1992 and March 31, 1998 were examined. MVT hospitalizations 
(with the term "hospitalizations" used here to refer to both inpatient 
hospitalizations and same-day surgery) were identified by the Canadian 
Classification of Diagnostic, Therapeutic and Surgical Procedures (CCP) code 
32.01 (Myringotomy with Insertion of Ventilation tube) in any ten procedure 
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fields in the CrnI file (Statistics Canada 1986). To improve the homogeneity of 
the data, hospitalizations were excluded if the patient was older than 19 years. 
5.4 CALCULATION OF MVT RATES 
The MVT rate for each small area was calculated as the annual age-gender 
standardized rate per 100,000 children, averaged over the six years from April 1, 
1992 to March 31, 1998. Direct standardization was used to ensure that 
differences in rates were not simply due to differences in the age and gender 
distributions of the counties. For each county, the MVT rate was calculated for 
each of the designated age-gender combinations: the total number of MVT 
hospitalizations occurring in the age-gender group over the study period was 
determined. This number was then divided by six to obtain the average annual 
number of hospitalizations. The number of hospitalizations was then divided by 
the area population for that age-gender group, in order to obtain the set of age-
gender specific hospitalization rates for each area. 
In addition, the number of children in each age-gender group was 
determined for the entire province. The directly standardized rate for a gi ven area 
was obtained by multiplying that area's age-gender specific rates by the 
corresponding provincial population. This calculation estimates the number of 
hospitalizations which would have been experienced in Ontario, had the entire 
province experienced the age-gender rates observed in a particular area. Finally, 
dividing the number of hospitalizations by the number of children (aged less than 
20 years) in Ontario gives the area's direct standardized rate. 
To reiterate, direct standardization estimates the utilization rate that would 
have been observed if the age-gender specific rates of a particular area had applied 
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to the entire provincial child population. An example of the calculation of direct 
standardized rates is provided in Table 4. In this example, the difference in crude 
rates for the two counties is partially explained by the difference in their age and 
gender distributions. Standardization corrects for the component of difference that 
is due to age and gender distribution differences. The two county rates, while still 
different, are now closer to each other; the remaining difference between the rates 
is the small area variation and the subject of interest in terms of explaining its 
existence and magnitude. 
The age groups that were used for the standardization in this study were: 
single year age-groups for ages 0 years through 7 years; ages 8 and 9 years; ages 
10-14 years; and ages 15-19 years. Broader age categories were used for the older 
ages due to the small number of MVTs performed on older children. The standard 
population was the population of Ontario in 1996. The year 1996 was chosen 
because it was a census year, whereas the population figures for the other years 
are based on interpolations between the 1991 and 1996 census (Statistics Canada 
1992, 1997). 
Indirect standardization is used when the numbers of hospitalizations 
within the small areas of interest are small, resulting in unstable rate estimates. In 
the case of MVT, which is a common procedure, the event counts within each 
area were large, and consequently there was no need to use indirect 
standardization. 
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Table 4: Illustration of the calculation of age- and gender-standardized rates. 
County A County B I Province i 
# of #of Total Population Age Gender 
procedures Population procedures population 
Group 1 M 
Group 2 M 
Group 1 F 
Group 2 F 
Total 
Procedure rate 
50 1,000 150 
25 1,500 50 
40 1,100 150 
30 1,650 75 
145 5,250 425 
Crude rate= 276.2110,000 people 
Standardized rate=299.0110,000 
people 
3,000 4,000 
2,500 4,000 
4,000 5,100 
3,500 5,150 
13,000 18,250 
Crude rate=326.9110,000 
people 
Standardized 
rate=318.7110,000 people 
NOTE: The age-gender standardized rate is calculated using the following fonnula: 
(3 ij number of procedures/county populationij H provincial populationij)/ (3ij provincial 
populationij) where "i" indexes age and 'T' indexes gender. 
In this example, it is assumed that the province contains only two counties, A and B. 
The population has been divided into two age groups. The crude procedure rates and the 
age and gender standardized rates for each county are calculated. 
5.5 COLLECTION OF PHYSICIAN DATA 
There were two main sources of data regarding physician characteristics in 
this study. The Physician Demographic Database of the Ontario Ministry of 
Health was used to obtain physicians' demographic data, and a mailed 
questionnaire survey was used to obtain data about physicians' opinions regarding 
MVT surgery. 
5.5.1 Physician demographic data 
Demographic data on all physicians (family physicians, general 
practitioners, paediatricians and otolaryngologists) practicing in Ontario were 
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obtained from the Ontario Ministry of Health. The database included information 
on each physician's specialty, gender, year of birth, year of graduation and 
licensing, place of training, and the county in which the physician's practice was 
located. 
5.5.2 Physician survey 
A mailed survey was used to determine physician OpInIOnS of the 
usefulness and drawbacks of MVT surgery. In addition to collecting information 
on physician opinions, the survey also asked for basic practice information, 
including the number of patients seen with otitis media. 
Three physician groups were surveyed: general practitioners and family 
practitioners ("OPs"), paediatricians, and otolaryngologists. Physicians in active 
practice in Ontario were identified from the physician demographic database. 
Surveys were mailed to all 227 otolaryngologists and 775 paediatricians, and to a 
random sample of 1,459 of general practitioners and family practitioners 
(hereafter referred to as OPs) from the Ontario Health Insurance Plan Physician 
(OHIP) Demographic file. The sample size for OPs was determined to be 
adequate to detect differences of 10 % or more between any two counties in the 
proportion of physicians having a specific characteristic or holding a specific 
opinion, based on an alpha of 0.05 and power of 0.90. Using alpha = 0.05, power 
= 0.90, for a two-tailed test, and assuming equal numbers of physicians in the two 
subgroups, the required sample size is 1048 (524 physicians in each subgroup). 
Allowing for a 40 % non-response rate, it was decided to survey 1,459 physicians. 
The equation used to calculate the sample size is contained in Appendix B. 
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A copy of the survey used is included in Appendix C. Each copy of the 
survey sent to physicians was accompanied by a letter that outlined the 
importance of the study and assured the recipients that all replies would be treated 
confidentially. The letters were signed by physician members of the advisory 
committee and by the head of the section of the Ontario Medical Association 
appropriate to the physician's specialty. In order to increase the chances that the 
surveys would be completed and returned, they were accompanied by return-
addressed, stamped envelopes. Two follow-up mailings were sent to non-
respondents. Finally, non-respondents were also contacted by phone, as 
recommended by Dillman 1986. 
5.6 MEASUREMENT OF PHYSICIAN CHARACTERISTICS 
5.6.1 Physician demographics 
Summary physician demographic characteristics were obtained for each 
county, using information from the physician demographic database and from the 
physician surveys. These characteristics were calculated separately for referring 
physician (OPs and paediatricians) and specialists (ENT surgeons). They 
included: the percentage of physicians who were female; median year of 
graduation; median year of licence; and the percentage of physicians who 
graduated from a medical school in North America (Canadian or the United 
States). 
5.6.2 Physician propensity to refer for, or perform, surgery 
Physician practice style was captured by measures designed to summarize 
three facets of physician opinion. First, the propensity of referring physicians to 
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refer patients for specialist consideration of MVT surgery, and of ENT surgeons 
to perform MVT surgery. Second, the referring physicians' threshold for referral 
of patients, and the ENT surgeons' threshold for operating. Third, the physicians' 
opinion of the benefits of MVT surgery. These measures were calculated from the 
physicians' survey responses as detailed below. 
The OP, paediatrician and otolaryngologist surveys asked if the physicians 
had treated children «10 years old) with ROAM or OME in the previous year, the 
number of children seen in the previous 4 weeks, their opinions about indications 
for MVT surgery, and their perceptions of the outcomes following surgery. The 
questionnaire included a list of 17 patient characteristics that were potential 
indications for referral for MVT surgery. The list was developed based on a 
survey of American otolaryngologists (Heald et al. 1990), criteria developed by an 
expert panel (Kleinman et al. 1994), and a guideline for the management of otitis 
media with effusion (Stool et al. 1994c, 1994d). An expert panel reviewed the 
selected factors and further modifications were made after piloting the 
questionnaire. The final list of 17 patient factors comprised the following: no 
response to antibiotics; > 7 episodes of otitis media in 6 months; effusion persists 
~ 3 months; ::; 3 episodes of otitis media in 6 months; child is < 3 years old; 
multiple antibiotic allergies; persistent effusion; persistently abnormal tympanic 
membrane; oronasopharyngeal obstruction; bilateral ear disease; bilateral 
conducti ve hearing loss ~ 20dB; sensorineural hearing loss with conductive 
overlay; abnormal impedance findings; speech or language delay; parentally-
reported possible hearing problems; parental concern about frequency or severity 
of otitis media; and parentally expressed preference for tube surgery. 
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Physicians who treated patients with otitis media were asked to indicate on 
a 5-point scale whether each of these characteristics would make them more likely 
to refer for (GPs, paediatricians) or perform (ENT surgeons) MVT surgery; would 
not affect their decision to refer/operate; or would make them less likely to 
refer/operate. An individual physician's propensity to refer/operate was obtained 
by calculating the difference between that physician's response to an item and the 
median response to the item for all physicians in the same professional group 
(GPs, paediatricians, or ENT specialists). The differences were summed over all 
items answered by the physician and then divided by the number of items 
answered. The propensity scores thus quantify the physician'S Willingness or 
reluctance to refer for, or perform, surgery, relative to hislher peers. 
The propensities of individual physicians to refer/operate were then 
aggregated as a county-level variable by calculating the weighted average of the 
indi vidual propensity scores for referring physicians in the county (i.e. for those 
physicians who reported in the survey seeing patients with otitis media in their 
practice), with the individual scores being weighted by the number of patients the 
physicians reported seeing. 
5.6.3 Physician thresholds for referral for, or performance of, 
surgery 
Thresholds at which referring physicians would refer for surgery, or at 
which ENT surgeons would perform surgery, were also assessed, using four 
measures: the number of episodes of otitis media experienced within six months; 
the duration of middle ear effusion; the level of bilateral hearing loss present; and 
the duration of continuous antibiotic therapy without a clinical response. The 
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responses concerning threshold were combined in a similar manner to those for 
propensity measurement to produce a threshold score that quantifies the referring 
physician's threshold for referral for surgery, or the ENT surgeons threshold to 
perform surgery, relative to their peers. 
The county-level measure of threshold for referral/operating was 
calculated using the same method as for physician propensity to refer/operate, as 
the weighted average of the responses of the physicians practicing in the county. 
5.6.4 Physician opinion of outcomes of surgery 
All physicians were also asked to estimate the proportion of patients who 
would experience each of nine different outcomes of surgery. Some of the 
outcomes were beneficial (e.g. relief of symptoms) while others were adverse (e.g. 
complications). For each physician, a measure of their opinion of the outcome of 
surgery, relative to the overall opinion of the peers, was calculated in a manner 
similar to the calculation of the propensity to refer. For beneficial outcomes, the 
contribution to the overall opinion of outcome was calculated as the physician's 
response minus the median response. For adverse outcomes, the contribution was 
calculated as the median response minus the physician's response. Therefore, 
physicians with better opinions of the outcomes have higher scores, while 
physicians with poorer opinions of the outcomes have lower (negative) scores. 
Indi vidual differences from the median were then averaged over all of the survey 
items, in the same manner as already described for physician propensity to 
refer/operate. 
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The county-level measure of outcome opinion was calculated using the 
same method as for physician propensity to refer/operate, calculated as the 
weighted average of the responses of the physicians practicing in the county. 
5.6.5 Inter-county adjustments for ENT surgeons 
Some counties in Ontario have few, or no, practicing ENT surgeons, and 
some or all of their residents received treatment in other counties. The MVT rates 
of the residents of these counties can, therefore, be attributed to the propensities 
and opinions of outcome of the surgeons in the counties in which surgery was 
ultimately received. The final ENT surgeon propensity score and opinion of 
outcome score for a given county was based on the location of treatment. If 45 % 
of the residents of county A were treated in county A, while 30 % were treated in 
county Band 25 % were treated in county C, the ENT propensity and opinion 
scores for county A were defined as: 
0.45(County A score) + 0.3(County B score) + 0.25(County C score) 
5.6.6 Physician supply 
Physician supply was calculated at the county level, with physicians being 
identified from the 1996 physician demographic database. Their place of practice 
was identified from the postal code of their mailing address. Population 
information was obtained from the 1996 Canadian census (Statistics Canada 
1997). 
"Referring physicians" included GPs (family doctors and general 
practitioners) and paediatricians. Availability of referring physicians was based on 
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the number of physicians practicing in the county. The number of referring 
physicians per 100,000 population was calculated as the sum of the number of 
GPs per 100,000 population plus the number of paediatricians per 100,000 
population aged < 10 years. 
The number of ENT surgeons per 100,000 population was based on the 
number of physicians serving each county. In some counties, very few patients 
received an MVT outside their county of residence, while in other counties, some 
or all of the patients travelled to another county to receive surgery (for example, 
almost all of the residents of Lennox & Addington County received their MVT in 
neighbouring Frontenac County; in contrast, almost all of the patients from 
Middlesex County received the procedure in their home county). 
The supply of ENT surgeons for each county was therefore adjusted by 
taking into account the residence of the patient with respect to the location of the 
operation. For example, if the ENT surgeons in county A performed all of the 
MVTs for the residents of county A, as well as 50 % of the MVTs for residents of 
county Band 25 % of the MVTs for the residents of county C, then the number of 
available ENT surgeons per 100,000 population in county A was calculated as: 
(number of ENT surgeons practicing in County A) 
[(popn of County A) + 0.5(popn of County B) + 0.25(popn of County C)] 
A county with no ENT surgeons was assigned a weighted average of the 
number of ENT surgeons per person practicing in the counties in which the 
county's residents received their surgery. That is, specialist availability in a given 
county was defined as the number of specialists serving the residents of that 
county (irrespective of the location of the physician's practice), divided by the 
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total population being served by those physicians, with the unit of analysis being 
the patient's county of residence. 
5.7 MEASUREMENT OF SOCIO-ECONOMIC STATUS, POPULATION 
DISTRIBUTION, AND URBAN-RURAL STATUS 
This study measured socio-economic status using a deprivation score 
based on the approach proposed by Carstairs (1981). Carstairs' study used socio-
economic data from a census in Scotland. In order to implement Carstairs' 
approach using variables available from the Canadian census, the score used in 
this study was based on the average number of people per room (replacing 
Carstairs' measure of number of people living in overcrowded conditions), male 
unemployment rate (replacing the number of people living in households where 
the male head was unemployed), percentage of males holding non-white collar 
jobs (replacing proportion of people living in households where the male head 
held an unskilled or semi-skilled occupation), and percentage of households 
classified as low income (replacing the proportion of people without a car, which 
Carstairs indicates is a surrogate measure for low income). 
For each FSA, the value of each of the four variables was standardized, 
first by centring the values (obtaining the difference between the observed value 
and the average value for all FSAs) and then by rescaling (dividing the centred 
value by the standard deviation for all FSAs). These four standardized values, one 
for each of the four variables, were summed to obtain the deprivation score for 
each FSA. Table 5 gives an example of the calculation of deprivation score for an 
FSA. The scores are thus relative scores, with an overall average deprivation score 
of zero. FSAs with higher than average deprivation scores would have positive 
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centred scores, while those with lower than average scores would have negative 
centred scores. Herein, the terms "deprivation score" or "deprivation" refer to the 
standardized values of deprivation. Deprivation scores for counties were 
calculated using the mean of the scores for the FSAs in each county, weighted by 
the population of each FSA. 
Population and socio-economic information was obtained from the 1996 
Canadian census (Statistics Canada 1997). Statistics Canada summarizes the 
information at both the county and the FSA level. The age distribution of each 
county was determined, specifically, the percentage of the population aged less 
than 10 years of age and the percentage of the population aged less than 20 years. 
The two cut-offs were chosen because most MVTs are performed on children 
younger than 10 years, and the study population was children aged younger than 
20 years. Statistics Canada also classifies each county as either "urban" or "rural", 
based on the population density of the county. 
Table 5: An example of the calculation of deprivation score for an FSA. 
Value for Standard Mean Centred Deviation Standardized Variable FSA Value Value (for all 478 value (>M4E) FSAs) 
% male 7.6 8.5 -0.9 3.13 -0.28 
unemployment 
% low income 9.7 10.9 -1.2 6.64 -0.18 families 
% males in non-
white collar 51.3 67.3 -16.0 12.3 -1.30 
occupations 
Average number 
of persons per 0.40 0.43 -0.03 0.050 -0.60 
room 
Note: The deprivation score for this FSA is (-0.28-0.18-1.30-0.60) - -2.36. 
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5.8 QUANTIFYING SMALL AREA VARIATION 
5.8.1 Measures of Variation 
Three measures of small area variation are commonly used: the extremal 
quotient (EQ), weighted coefficient of variation (CV), and standardized 
coefficient of variation (SCV). Appendix A contains a full explanation of these 
measures. 
The extremal quotient is simply the ratio of the highest observed rate to 
the lowest rate. The EQ has the advantages of being simple to calculate and easy 
to interpret. An EQ of 5, for example, means simply that the highest county rate is 
five times as large as the lowest county rate. However, the EQ conveys no 
information about the distribution of the rates in between the two extreme rates. 
The coefficient of variation (CV) is defined as the ratio of the standard 
deviation to the mean. The CV is often multiplied by 100 resulting in a number 
that expressed the standard deviation as a percentage of the mean. In this study, 
the weighted CV was obtained by weighting the means and standard deviations by 
the county populations. While the CV is simple to calculate and easy to 
understand, it may be large even when the variation in the rates is due to chance. 
In particular, the CV is likely to be large when procedure rates are low and/or 
when the populations are small. This makes it difficult to use the CV to compare 
rate variation between procedures that have different rates, or to compare 
variation across regions that have different populations. 
The SCV was designed to address the shortcoming of the CV. The total 
variation is divided into two parts: that variation between areas, which is 
attributed to random fluctuations, is subtracted from the total variance. The 
resulting measure estimates the systematic component of variation and can be 
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used to compare the variation between procedures with differing rates and across 
regions of different sizes (McPherson et al. 1982). 
5.8.2 Determining the statistical significance of the measures of 
small area variation 
Widespread reports of these three measures of small area variation in the 
literature has permitted comparisons of the amount of variation that exists for a 
given procedure across different jurisdictions, and has also allowed comparisons 
to be made of the amount of variation between different procedures in the same 
jurisdiction. In general, it is the relative magnitude of the measures of area 
variation that is of interest rather than any formal hypothesis testing. 
The EQ, CV and SCV are descriptive statistics and do not have an 
associated hypothesis test to determine whether the degree of variation is greater 
than that expected from chance alone. Computer simulations must be used to 
perform formal hypothesis testing of the variation measures (Diehr 1984). A 
simulated population of children was generated and some of the children were 
designated as having received MVT surgery, so that the simulated population was 
the same size as Ontario's child population and the rate of MVT surgery in the 
simulated population was equal to the observed Ontario rate. The simulated 
population took into account the fact that some children had more than one MVT 
hospitalization, by assigning the appropriate number of children to have one, two, 
three, or more hospitalizations. The simulation is shown in Appendix D. 
The simulated children were then randomly assigned to the 49 counties, 
with the number of children assigned to each county being equal to that county's 
child population. Next, MVT rates were calculated for each county and the EQ, 
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CV, and SCV were calculated for these rates. Repeating the simulation a large 
number of times provides an estimate of the distribution of values of the three 
measures of area variation under the null hypothesis that MVTs in Ontario occur 
randomly throughout the province-that is, the distribution of the values of the EQ, 
CV and SCV which would be expected to arise due to chance. 
Comparing the actual EQ, CV and SCV to the distributions obtained by 
simulation, a p-value was obtained for each of the measures. For example, if 
10,000 simulations of the EQ were performed, and if the actual value were larger 
than 9,873 of those values, then the two-tailed p-value associated with the 
observed EQ would be 2(127110,000)=0.0254. This represents the probability that 
an EQ as extreme or more extreme than the one actually obtained would arise by 
chance alone, under the null hypothesis that the variation in rates is due to chance. 
Appendix D illustrates these calculations. 
5.8.3 Identifying individual high- and low-rate counties 
The measures of variation described above in sections 5.8.1 and 5.8.2 
permit procedure-to-procedure and country-to-country comparisons but they do 
not identify specific counties with unusually high or low rates. These were 
identified using chi-square tests (Diehr 1984), which compare the observed 
number of MVT procedures in each small area with the number that is expected 
under the null hypothesis that all small areas had the same rate (i.e. had the 
provincial average rate). 
The overall null hypothesis, that rates vary by small area, was performed 
by constructing a 57-row chi square contingency table, with one row for each of 
the 57 geographic areas. In order to identify areas with rates significantly lower or 
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higher than the overall provincial rate, tests were then conducted to compare the 
observed with the expected values for each row. Because there are a large number 
of mUltiple comparisons, inflation of the Type I error rate needs to be adjusted for. 
Therefore, the tests were performed using a Bonferroni-adjusted level of 
significance of 0.05/57=0.0088 in order to adjust for the 57 multiple comparisons. 
5.9 EXPLAINING THE OBSERVED VARIATION IN MVT RATES 
This analysis had the goal of determining the extent to which the observed 
MVT rates could be explained using the chosen variables. 
5.9.1 MVT rate variation due to physician and other county-level 
variables 
5.9.1.1 Introduction and rationale 
Multiple regression modelling was used to simultaneously examine the 
relative effects of the physician and other county-level variables on MVT rate 
variation. The unit of analysis was the county, with the dependent variable being 
the standardized MVT rate for each county, and the independent variables being 
the variables describing physician practice style, physician demographics, 
physician supply, patient access, population characteristics, socio-economic 
status, and urban/rural status. 
Multivariate methods of analysis are favoured in studies of SAY, as they 
simultaneously account for the effects of all the chosen explanatory variables on 
the utilization rate of the procedure(s) of interest (McLaughlin et al. 1989; Folland 
& Stano 1990). Of such methods, regression modelling, and in particular stepwise 
multiple regression analysis, has been the preferred technique (e.g. Vayda et al. 
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1984; Roos 1984; Halliday & Le Riche 1987; Wright et al. 1999). Those studies 
measured a large number of variables and used stepwise analysis to successfully 
reduce the variable set to a smaller number of variables that were significantly 
related to the utilization rates of interest. This study follows the general approach 
of those multivariate studies, and uses both stepwise and backward elimination 
multiple regression techniques to identify significant independent variables. The 
backward elimination analysis was used as a procedure to check the results of the 
stepwise procedure. Backward elimination starts with the maximum model 
containing all variables, and in this sense it is unlikely any important variables 
will be "missed"; it is considered a reasonable procedure and a complementary 
technique to the stepwise procedure (Bowerman & O'Connell 1990). 
An alternative to stepwise and backward elimination procedures is forward 
selection. Forward selection is generally accepted to be inferior to stepwise 
regreSSIOn as a variable once included cannot be discarded (Bowerman & 
O'Connell 1990); i.e., it omits the partial F-test for deleting variables from the 
model that have been added at previous steps. This is a weakness as the procedure 
does not explore the effect that adding a predictor at the current step has on the 
variables already in the model. 
5.9.1.2 Stepwise multiple regression 
In a stepwise procedure in multiple regression, a forward selection 
procedure alternates in steps with a backward elimination procedure. The criterion 
for adding or removing a variables at any step is expressed in terms of a partial F-
test. In the forward selection procedure, the analysis begins with no explanatory 
(independent) variables in the regression model. For each variable, the F-statistic 
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is calculated and reflects the amount of the variable's contribution to explaining 
the variation of the dependent variable. The variable with the highest value of the 
F-statistic is considered for entry into the model; if the F-statistic is significant 
(that is, its p-value is less than the designated value of a-entry) then that variable 
is added to the model; if the F-statistic is not significant, then no variables are 
added to the model. 
After two variables have been inserted into the model by the forward 
selection procedure, the backward elimination procedure is then begun. In the 
backward elimination procedure, for each variable currently in the model, an F-
statistic is calculated. The variable with the lowest value of the F-statistic is 
considered for removal from the model; if the F-statistic is not significant (that is, 
its p-value exceeds a-remove, the significance level for staying in the model) then 
that variable is removed from the model, but if all F-statistics are significant, then 
no variables are removed from the equation. Regardless of whether or not a 
variable is removed from the model, the forward selection procedure is begun 
again starting with the current model, and the new variable entered is assessed for 
significance in conjunction with the variables already in the model. The 
alternating steps of forward selection and backward elimination are repeated until 
the forward selection procedure fails to add variables to the model, and the 
backward elimination procedure fails to remove variables from the model. At this 
point, the stepwise procedure stops and is considered to have produced a "best" 
model for explaining the behaviour of the dependent variable (Bowerman & 
O'Connell 1990). 
In the stepwise procedure it is possible at later steps in the analysis to drop 
variables that were added earlier in the analysis. For example, a variable "3" that 
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is selected at the third step may be a significant predictor with the other two 
variables, but if a further variable were added, variable "3'''s F-statistic may 
become insignificant in the new model, and the subsequent elimination step would 
discard the variable from the model. 
The stepwise procedure as described above was run using SAS statistical 
software, and using a value of 0.05 for a-remove and a-entry. The dependent 
variable was standardized MVT rate for counties, and the independent variables 
were those variables describing physician practice style, physician demographics, 
physician supply, patient access, population characteristics, socio-economic 
status, and urban/rural status, as described in Chapter 4. As in previous SA V 
studies (e.g. Halliday & Le Riche 1987; Wright et al. 1999), interaction terms 
were not included in the analysis. 
5.9.1.3 Backward elimination 
Backward elimination begins with all variables in the model. The variable 
with the lowest value of the F-statistic is considered for removal from the model; 
if the F-statistic is significant (that is, its p-value is less than a-remove, the 
significance level for staying in the model) then no variable is removed from the 
model; if the F-statistic is not significant, then that variable is removed from the 
model. The procedure will continue removing variables from the model until all 
variables retained in the current model have significant partial F-statistics. For the 
backward elimination analysis used in this study, the value of a-remove was set at 
0.05. 
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5.9.1.4 Final multiple regression model 
The resulting multiple regression model contained significant (a > 0.05) 
predictors as retained in the stepwise and backward elimination analyses. The 
model was evaluated for adequacy in terms of linearity; the normality, constant 
variance, and independence of the residuals; data outliers; multicollinearity; and 
predictability. Linearity was checked by plotting the model residuals against each 
of the independent variables, and against the predicted values of MVT rate. 
Normality of residuals was assessed by examining probability plots, and non-
constant variance was checked by using residual plots. Outliers were identified 
using regression diagnostics including Rstudent, DfFits, Cooks Distance, and 
covariance ratio checks. Multicollinearity among the predictor variables was 
tested using values of variance inflation factor and tolerance. Predictability was 
assessed by comparing the Press statistic R-square value with the R-square value. 
5.9.2 Influence of deprivation on MVT rates 
Several approaches were used to examine the effect of deprivation (as a 
measure of socio-economic status) on MVT rate variation, as follows. 
5.9.2.1 County-level regression approach 
Here, deprivation score was simply one of the predictors in the regression 
modelling described above (section 5.9.1). 
5.9.2.2 ANOVA approach for FSA-Ievel analysis 
This approach assumed that the effect of socio-economic status (as 
measured by the deprivation score) on ~VT rates at the FSA level was the sole 
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relationship of interest, then county is essentially a blocking factor-a nuisance 
variable that has to be adjusted for. One way to do this is to fit an initial regression 
model in which the FSA MVT rate is the dependent variable, and county, a 
categorical variable, is the independent variable (thus, this step is a one-way 
analysis of variance). The predicted MVT rate for the FSAs within each county is 
simply the mean MVT rate for that county, and therefore the residuals from the 
regression are the amounts by which the FSA's MVT rates exceed or fall short of 
the average rate for the county. In this way, each FSA's rate is corrected for the 
effects of all the health care system and community variables that act at the county 
level, whether or not we know what they are. 
The residuals were then used as the dependent variable for a second 
regression. This time, deprivation score was the independent variable. This 
regression, therefore, examines the role of SES in explaining how procedure rates 
vary, after adjusting for county-to-county variation. The two regressions could be 
implemented in a single step, one which regresses FSA MVT rates on both county 
(a categorical variable) and deprivation score, but the two-step approach has the 
advantage of making the aim of the analysis more obvious. 
5.9.2.3 Deprivation-adjusted MVT rate approach 
This approach generates estimates of MVT rate adjusted for deprivation 
("deprivation-adjusted MVT rate"). An ordinary least squares regression was 
perfonned for each county. The unit of analysis was all of the FSAs within the 
county; the dependent variable was the FSA MVT rate; and the independent 
variable was the deprivation score. Thus, for each county, the regression equation 
IS: 
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MVT-rate= ao + al (deprivation score) 
The intercept (ao) estimates the MVT rate in a county for an FSA that has 
a deprivation score equal to the average deprivation score for the province (this 
interpretation is the result of subtracting the provincial average from each of the 
original deprivation scores). The slope (al) estimates the effect of each unit 
change in the deprivation score on the FSA MVT rate for FSAs in the county 
being analyzed. 
These regressions, therefore, yielded an estimate, ao, of each county's 
MVT rate, adjusted for deprivation level. The deprivation-adjusted MVT rates for 
each county were then compared with the standardized MVT rates to ascertain, 
examine, and explain the differences between the two sets of values. 
The next step was to determine whether the deprivation-adjusted MVT 
rates depended on any county-level variables. Ordinary least squares regression 
was performed, with the county as the unit of analysis. The dependent variable 
was the county's intercept (ao) obtained in the previous step. The independent 
variables were the county-level characteristics. The resulting model thus related a 
county's estimated MVT rate (adjusted for deprivation level) to physician 
variables: 
ao= ~o + ~l (physician opinion) + ~2 (physician demographics) + ... + e 
As well as the intercept of the regression line, the slope of the regression 
line was related to physician variables by examining correlations between the 
regression slope and physician variables at the county level. This, effectively, 
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examined the interactions between physician variables and the relationship 
between deprivation and FSA MVT rate. 
A hierarchical model was used to check this analysis, by following the 
same logic as the approach as described, but incorporating everything into a single 
model. A hierarchical model (also referred to as a random coefficient model or 
multilevel linear model) (Littell et al. 1996) was fitted to the data. For simplicity, 
in the description that follows, it is assumed that there is only one independent 
variable (e.g. SES) at the FSA level, and only one independent variable (e.g. 
physician propensity to refer) at the county level. The dependent variable is the 
FSA MVT rate. 
As above, we can express MVT rate in terms of the FSA-Ievel variable 
SES: 
MVT ratefsa = ao + al SESfsa + Lfsa + e where e is the error term 
Here again, ao + al are assumed to depend on county level variables. That is, the 
model assumes that the way in which deprivation score relates to MVT rate within 
a county can be explained by variables measured at the county level. This is 
expressed using the two equations that follow: 
Uocounty = ~oo + ~01 physician propensitYcounty + 'YOcounty 
alcounty = ~1O+ ~ll physician propensitYcounty + 'Ylcounty 
Substituting the second set of equations back into the first equation 
produces a single equation that expresses the FSAs' MVT rates in terms of a 
combination of FSA- and county-level independent variables. The interaction 
terms between the FSA and county variables permit the effects of variables at one 
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level to vary depending on the level of variables at the other level. The 18 
interactions tested were those between SES and the 19 other county variables used 
in the modelling (chapter 7). For example, the effect of SES might vary depending 
on the number of physicians practicing in the different counties, or it might 
depend on inter-county variations in physicians' opinions concerning the efficacy 
of MVTs. The final equation, obtained by straight substitution of the second and 
third equation into the first, has the form: 
MVT ratefsa = ~oo + ~Ol physician propensitYcounty + 'YOcounty + ~1O SESfsa 
+ ~11 physician propensitYcounty SESfsa + 'Ylcounty SESfsa + 4sa 
100 
Chapter 6: Physician characteristics and assessment of 
determinants of MVT rate variation 
This chapter examines the characteristics of referring physicians and ENT 
surgeons using the data gained from the physician survey. It also examines the 
statistical suitability of the physician variables and other county-level variables as 
potential determinants of MVT surgical rate variation. 
6.1 PHYSICIAN SURVEY RESPONSE AND PHYSICIAN DEMOGRAPIDCS 
6.1.1 General practitioners 
A total of 1459 general practitioners were surveyed. Of the 1459 potential 
general practitioner participants, 551 were respondents, 410 were ineligible and 
498 were non-responders. The 410 physicians deemed ineligible were for the 
following reasons: 29 had retired, 61 were in sub-specialty practice, 67 had moved 
and 253 were untraceable. 
Surveys were returned by 551 (52.5 %) of the 1049 eligible general 
practitioners. The analysis contains 549 respondents and 500 non-respondents 
because two eligible respondents removed their identification number from their 
surveys and their status was changed to non-respondents. Table 6 shows that 
significant differences exist in the characteristics between the respondents and 
non-respondents in the place of training (lower proportion of respondents trained 
outside North America); in gender (higher proportion of respondents were 
female); and in age, licence year and graduation year (respondents were younger, 
and graduated and licensed more recently). This response bias may impart an 
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unspecified bias to the surveyed results of GP opinion, if opinion variation were a 
function of the demographic characteristics of GPs. 
Table 6: Baseline characteristics of GP and family physician respondents and 
non-respondents. 
Physician Respondents Non-
Characteristics n=549 Respondents Test Used P-value 
n=500 
Region of Ontario: Fisher's Exact 0.528 
Central East 20.40% 18.80% 
Central West 15.66% 19.80% 
Eastern 21.31 % 20.20% 
North-eastern 15.85% 16.20% 
North-western 6.56% 5.00% 
South-western 20.22% 20.00% 
Training: Fisher's Exact 0.0018 
Outside North 11.48% 19.80% 
America 
USA 0.36% 0.40% 
Canada and 15.12% 13.40% 
Outside Ontario 
Ontario 73.04% 66.40% 
School: 
Within Ontario: Fisher's Exact 0.448 
McMaster 10.97% 9.64% 
Ottawa 14.71 % 12.95% 
Queen's 16.71 % 13.25% 
University of 32.42% 37.65% 
Toronto 
Western Ontario 25.19% 26.51O/C 
Gender Fisher's Exact 0.013 
Female 26.78% 20.20% 
License year n=544 n=498 T-test <0.0001 
Mean 1981 1977 Wilcoxon <0.0002 
SD 10.72 13.37 Sign Rank 
Median 1984 1980 
Graduation year n=549 n=499 T-test <0.0001 
Mean 1978 1975 Wilcoxon <0.0009 
SD 10.36 12.95 Sign Rank 
Median 1980 1978 
Birth year n=549 n=500 T-test <0.0001 
Mean 1953 1949 Wilcoxon <0.0001 
SD 10.20 12.46 Sign Rank 
Median 1954 1951 
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6.1.2 Paediatricians 
All registered paediatricians (775) in Ontario were surveyed, 399 were 
respondents, 54 were ineligible and 322 were non-respondents. Paediatricians that 
were retired (13) or had a sub-specialty (25) provided the main reasons for 
ineligibility. 
Surveys were returned by 399 (55.3 %) of the 721 eligible paediatricians. 
The analysis contains 397 respondents and 325 non-respondents because two 
respondents removed the identification number from their surveys and as such, 
their status was changed to non-respondents. As well, one of the retirees (non-
eligible) returned only the last page of the survey. The last page contained the 
physician demographics, but the participant's identifying number is on the first 
page, and this retiree's status was also changed to non-respondent. Table 7 shows 
that significant differences exist in the characteristics between the respondents and 
non-respondents in the place of training (lower proportion of respondents trained 
outside North America); and in age, licence year and graduation year (respondents 
were younger, and graduated and licensed more recently). 
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Table 7: Baseline characteristics of paediatrician respondents and non-
respondents. 
Paediatrician . Respondents Non- Test Used P-value Characteristics n=397 Respondents 
n-325 
Region of Ontario: Chi-square 0.953 
Central East 55.92% 54.15% 
Central West 13.60% 12.31 % 
Eastern 17.13% 19.38% 
North-eastern 2.52% 3.08% 
North-western 0.76% 0.62% 
South-western 10.08% 10.46% 
Training: Fisher's Exact 0.0007 
Outside North 36.02% 47.38% 
America 
USA 1.76% 0.62% 
Canada and 15.11% 18.46% 
Outside Ontario 
Ontario 47.10% 33.54% 
School: 
Within Ontario: Fisher's Exact 0.238 
McMaster 15.51 % 11.01 % 
Ottawa 7.49% 7.34% 
Queen's 17.65% 15.60% 
University of 
Toronto 45.99% 58.72% 
Western Ontario 13.37% 7.34% 
Gender Fisher's Exact 0.266 
Female 34.76% 30.77% 
License year n=394 n=324 T-test <0.0189 
Mean 1978 1976 Wilcoxon <0.0494 
SD 12.66 14.48 Sign Rank 
Median 1984 1981 
Graduation year n=397 n=324 T -test <0.0001 
Mean 1974 1970 Wilcoxon <0.0004 
SD 11.15 12.26 Sign Rank 
Median 1975 1972 
Birth year n=397 n=324 T-test <0.0001 
Mean 1949 1945 Wilcoxon <0.0001 
SD 10.99 12.03 Sign Rank 
Median 1950 1946 
6.1.3 Otolaryngologists 
All of the 227 registered otolaryngologists in Ontario were surveyed, of 
which 202 were eligible. Twenty-five were ineligible because they were either 
retired (6), had peen incorrectly listed as an otolaryngologist (2), were untraceable 
(13) or did not treat children (4). Survey responses were received from 138 (68.3 
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%) of the 202 eligible otolaryngologists. Table 8 shows that significant 
differences exist in the characteristics between the respondents and non-
respondents in age, licence year and graduation year (respondents were younger, 
and graduated and licensed more recently). 
Table 8: Baseline characteristics of Otolaryngologist respondents and non-
respondents. 
Otolaryngologist Respondents Non- Test Used P-value 
Characteristics n=138 Respondents 
n=64 
Region of Ontario: Fisher's Exact 0.766 
Central East 52.90% 51.56% 
Central West 14.49% 20.31% 
Eastern 16.67% 10.94% 
North-eastern 4.35% 4.69% 
North-western 0.72% 1.56% 
South-western 10.87% 10.94% 
Training: Fisher's Exact 0.508 
Outside North 26.81% 34.38% 
America 
USA 0.00% 0.00% 
Canada and 10.87% 10.94% 
Outside Ontario 
Ontario 62.32% 54.69% 
School: 
Within Ontario: Fisher's Exact 0.221 
McMaster 0.00% 2.86% 
Ottawa 6.98% 8.57% 
Queen's 17.44% 11.43% 
University of 
Toronto .52.33% 65.71% 
Western Ontario 23.26% 11.43% 
Gender Fisher's Exact 0.508 
Female 6.52% 3.13% 
License year n=137 n=64 T-test <0.0037 
Mean 1972 1967 Wilcoxon <0.0364 
SD 13.70 15.16 Sign Rank 
Median 1970 1965 
Graduation year n=138 n-64 T-test <0.0113 
Mean 1970 1965 Wilcoxon <0.0177 
SD 12.12 13.46 Sign Rank 
Median 1968 1964 
Birth year n=138 n=64 T-test <0.0238 
Mean 1944 1939 Wilcoxon <0.0061 
SD 12.16 13.46 Sign Rank 
Median 1943 1939 
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6.2 PHYSICIAN SURVEY RESULTS 
6.2.1 Clinical perceptions of patient characteristics 
To explore the variations in physician clinical perceptions, the five-point 
response scales of the physician surveys' were reduced to three categories after 
determining that there were no substantive differences in the outcomes. Therefore, 
the 17 factors (described in section 5.6) used to measure physician propensity 
were assessed for whether they influenced physicians to be more likely to 
refer/perform MVT surgery, did not affect their decision, or made them less likely 
to refer/perform MVT surgery. The raw data for the physician surveys are 
available from the author upon request. 
Table 9 reports the amount of agreement or disagreement for the 17 
clinical and social characteristics on decisions by physicians to refer or perform 
MVT surgery. Of the 17 indicators investigated, 7 attained concordance, using> 
80 % as the definition of clinical agreement. The one factor on which all physician 
groups (GPs, paediatricians and ENT surgeons) achieved concordance at a > 90 % 
level was when there was bilateral conductive hearing loss of ~ 20dB. Parental 
concerns and preferences were the set of factors least likely to influence physician 
decisions regarding referral for, or performance of, MVT surgery. 
6.2.2 Thresholds for referring or for performing surgery 
General practitioners had lower thresholds for referring children to an 
otolaryngologist than did paediatricians (Table 10). A total of 24.4 % of GPs 
would refer for 3 or fewer episodes of AOM within 6 months, compared with 8.9 
% of paediatricians (p<O.OOOOl). In addition, GPs also referred children with 
fewer months of persistent middle ear effusion, lower levels of bilateral 
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conductive hearing loss, and fewer months without responding to antibiotics than 
did paediatricians.· Interestingly, the GPs were significantly more comfortable 
(p<O.OOOl) prescribing continuous daily antibiotics for a shorter period of time 
(average 8.9 weeks) than the paediatricians (average 11.8 weeks). 
There was some variation in the level of hearing loss at which different 
otolaryngologists would recommend MVT surgery. Other thresholds were less 
variable with a majority of otolaryngologists more likely to insert tubes after 3 
months effusion, 3 episodes of otitis media in 6 months, and no improvement after 
two months of antibiotic therapy. Otolaryngologists were comfortable prescribing 
continuous antibiotics for a median period of 6 weeks. 
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Table 9: The influence of clinical and social characteristics on decisions by 
general practitioners, paediatricians and otolaryngologists to refer for or 
perform MVT surgery. 
General Practitioners Paediatricians ENT surgeons 
>. >. >. >. >. Q) >. Q) .... Q) .... Q) Q) .... Q) u ~ U ..!.C U ..!.C Indicator ~ ~ ~ ~ ..!.C ~ .-'- -""' ~ ""' ~ - ...... ~ '" ~ '" ~ '" ~ '" 0 '" fJJ .... ~ 0 ~ ~ 0 0 ~ 0 0 .....l Z ....l Z ~ ....l Z ~ 
Bilateral conductive 
hearing loss of ~ 20 0.4 5.3 94.3 2.3 5.7 92.0 1.7 5.1 93.2 
dB 
> 7 episodes of otitis 
media within the past 1.5 3.9 94.6 5.6 7.2 87.2 0.8 5.9 93.3 
6 months 
Lack of response to 
antibiotics for> 3 1.9 2.7 95.4 3.0 7.6 89.4 1.7 2.5 95.9 
months 
Persistent abnormal 3.7 17.6 78.7 7.6 
appearance of TM 29.8 62.6 3.3 4.2 92.5 
Persistence of fluid for 
~ 3 months per 3.7 6.6 89.7 6.3 10.9 82.8 5.1 0 94.9 
episode 
Persistent presence of 2.7 9.7 87.6 4.6 11.8 83.6 0 0 100 fluid 
< 3 episodes of otitis 
media within the past 86.4 9.5 4.1 89.5 8.5 2.0 88.3 10.0 1.7 
6 months 
Sensorineural hearing 
loss with conductive 3.7 13.1 83.2 3.3 13.3 83.3 3.4 12.8 83.8 
overlay 
Report of speech 2.8 13.7 83.5 2.7 23.8 73.5 0 23.3 76.7 language delay . 
Abnormal impedance 3.4 14.4 82.2 4.7 21.5 73.8 5.1 25.6 69.2 findin.e;s 
Parental concerns re: 3.4 22.7 73.9 5.3 hearing problems 42.9 51.8 
2.6 44.8 52.6 
Bilateral ear disease 2.7 41.4 55.9 9.2 50.5 40.3 0.8 24.2 75.0 
Child's age is <3 years 20.9 48.2 30.9 18.8 41.3 39.9 11.7 66.7 21.7 
Parental preference for 4.7 44.4 50.9 7.9 MVTs 
56.8 35.3 0.9 61.2 37.9 
Parental concerns re 
otitis media frequency 3.5 35.7 60.7 6.6 53.8 39.5 0.9 44.4 54.7 
and severity 
Concerns re: Allergies 4.5 41.1 54.4 5.3 41.6 53.1 2.6 18.8 78.6 
to multiple antibiotics 
Obstruction of nose, 
36.8 53.0 9.2 45.0 45.8 nasophamyx., or 8.0 27.4 64.7 10.2 
orophamyx 
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Table 10: A comparison of the thresholds at which GPs paed' t ' , d 
I 
' ' la rlClans, an 
oto aryngologlsts would refer for, or perform, MVT surgery, 
Percentage and Cumulative Percentage of 
Physicians Referring or ENT surgeons operating 
Factor GPs Cumulative Paediatricians Cumulative 
ENT Cumulativ (%) (%) (%) (%) surgeons e (%) (%) 
Episodes of AOM in 6 
months 
0-1 0.2 0.2 0.7 0.7 2.5 2.5 
2 1.0 1.2 0.3 1.0 0 2.5 
3 23.2 24.4 7.8 8.9 17.8 20.3 
4-5 53.3 77.8 48.1 57.0 56.8 77.1 
~6 22.2 100.0 43.0 100.0 22.9 100.0 
Duration of middle ear 
effusion (months) 
~'1 1.6 1.6 1.7 1.7 0 0 
2 13.3 14.9 5.0 6.7 11.8 11.8 
3 62.4 77.3 55.3 62.0 68.1 79.8 
4-5 17.1 94.4 26.0 88.0 14.3 94.1 
~6 5.6 100.0 12.0 100.0 5.9 100.0 
Bilateral conductive pure 
tone hearing loss (dB)' 
~20 32.6 32.6 19.3 19.3 20.5 20.5 
21- 25 43.5 76.1 41.4 60.7 31.6 52.1 
26-30 16.4 92.5 25.3 86.0 35.0 87.2 
~30 7.5 100.0 14.0 100.0 12.8 100.0 
Lack of response to 
antibiotics (months) 
::; 1 11.6 11.6 9.8 9.8 7.1 7.1 
2 30.9 42.5 16.6 26.4 19.5 26.5 
3 50.1 91.6 59.7 86.1 62.8 89.4 
~4 7.4 100.0 13.9 100.0 10.6 100.0 
6.2.3 Clinical perceptions of outcomes of MVT surgery 
The referring physicians (paediatricians and GPs) perceived that the 
majority of children undergoing MVT surgery derived benefit and with minimum 
risk (Table 11). There were no clinically important differences in their estimates 
of the proportion of children who would have: a decrease in AOM episodes after 
MVT surgery, a reduction in physician office visits, or derived benefit in the first 
year after surgery, although GPs had higher estimates than paediatricians. 
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In addition, there were no significant differences in paediatrician and GP 
estimates of the adverse consequences of MVT surgery, including the proportion 
experiencing a serious anaesthetic event, developing tympanic membrane 
scarring, persistent otorrhea or requiring re-insertion of ventilation tubes (Table 
12). The volume of children seen by a physician did not affect how benefits and 
risks were perceived. 
Otolaryngologists considered the majority of children to expenence 
significant benefits from MVT surgery with few adverse effects. They estimated 
that after performing MVT, 90% of children would experience a reduction in 
AOM episodes, spend less time with middle ear effusion, and have fewer visits to 
GPs or paediatricians. Just 5 % of children were expected to require re-insertion 
of ventilation tubes within 6 months. 
Table 11: The proportion of MVT patients who would benefit from the 
procedure. 
Outcome 
Reduction 
in the 
number of 
episodes of 
AOM 
Reduction 
in referring 
physician 
visits 
Benefit in 
ENT surgeons 
~ 
..... 
..... 
c:: 
Q) 
... u 
- I-< tr) Q) 
N 0.. 
80% 
75% 
90% 95% 
90% 90% 
the first year 90% 90% 99% 
after surgery 
General Practitioners 
~ 
..... 
~ 
..... 
c:: Q) 
... u 
- I-< tr) Q) 
N 0.. 
c:: Q) 
..c U 
- I-< tr) Q) 
r- 0. 
60% 80% 90% 
50% 70% 80% 
75% 80% 90% 
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Paediatricians 
~ 
.-..... 
c:: 
Q) 
..c U 
- I-< tr) Q) 
N 0. 
60% 
50% 
75% 80% 
60% 80% 
60% 77.5% 90% 
• 
Table. 12: The proport!on of children receiving MTV surgery who would 
experience an adverse side-effect. 
Outcome 
Scarring of 
the ear drum 
Persistent 
otorrhea 
Re-insertion 
in the ftrst 6 
months after 
surgery 
Serious 
anaesthetic 
event 
ENT surgeons 
5% 10% 20% 
2% 5% 10% 
2% 5% 10% 
0% 0.01% 1% 
GPs 
10% 10% 25% 
5% 7.5% 10% 
5% 10% 15% 
0.1% 1% 1% 
6.2.4 Access to referral services 
Paediatricians 
10% 
5% 
5% 
0% 
~ 
.-
-c 
~ 
..c U 
- .... VI ~ 
t'"-- Q. 
10% 30% 
5% 10% 
10% 20% 
1% 1% 
The average time spent waiting for an otolaryngologist consultation was 
reported by GPs to be 6.4 weeks (median = 5, interquartile range = 3-8 weeks) 
compared to 5.6 weeks for paediatricians (median = 4, interquartile range = 3-8 
weeks (p<0.0254). There were no differences in the average time spent waiting 
for surgery after consultation (median = 6, interquartile range = 4-8,6.6 weeks for 
GPs, 7.1 weeks for paediatricians) (p=0.0843). Rural GPs reported longer waits 
for otolaryngologic consultations than their urban counterparts (7.0 versus 5.2 
weeks, p<O.OOOI), but waiting times reported for surgery were similar (p=0.47). 
Most paediatricians were urban-based, but there was a trend towards longer wait 
times for rural paediatricians (7.7 weeks) compared to those in urban settings (5.4 
weeks, p=0.07). After controlling for urban-rural differences, there was no longer 
a difference in waiting periods between GPs and paediatricians (p=0.54). 
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An assessment was made as to whether the differences in referral 
thresholds between GPs and paediatricians were related to waiting times for 
consultation, comfort with continuous antibiotic use or demographic 
characteristics. None of the referral thresholds was correlated with waiting times 
for consultations requested from GPs. A positive correlation was found between 
the referral threshold for the number of months without an antibiotic response and 
the waiting time for consultation for paediatricians (coefficient = 0.169, P = 
0.005). The number of weeks that a GP reported they were comfortable 
prescribing continuous antibiotics was positively correlated with each threshold 
factor. 
The average waiting time for an otolaryngologist consultation was 
reported by the otolaryngologists to be 4.2 weeks (standard deviation 3.4 weeks) 
and 5.6 weeks for surgery (standard deviation 4.7 weeks). Waiting times for initial 
consultations were correlated with a greater degree of hearing loss (r=0.25, 
p=0.006) and more months with effusion (r=0.25, pO.006) that an otolaryngologist 
would accept before recommending tubes. 
6.3 THE USE OF PHYSICIAN AND OTHER COUNTY-LEVEL VARIABLES 
AS DETERMINANTS OF SA V IN MVT INTERVENTION RATE 
Although the physician variables have been measured at the individual 
physician level, it is appropriate, given their intended application of explaining 
SA V in MVT rate across counties, that the properties of the variables at the 
county level be evaluated for this purpose. Phelps (1992) makes the point that for 
SA V studies, it is exactly this inter-area variation that is of more importance than 
the variation at the individual (physician) level. This is an important aspect 
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particularly in respect of measures that have been made at the individual level in 
this study (physician opinion data, physician demographic data) and which have 
been aggregated (averaged) at the county level as determinants of SAY in MVT 
rate. For example, although differences may exist among individual physicians or 
among different professional groups (GPs, paediatricians, and ENT surgeons) 
concerning the interpretation of clinical indications for otitis media and the need 
for MVT surgery, it is the variation in county-averaged opinions (as measured by 
average propensity, threshold, and outcome opinions) that are of importance for 
explaining SA V in MVT rates. 
Examining the properties of the variables includes an analysis of the 
correlation structure of the variables with regard to the possibility of reducing the 
number of variables prior to using them in subsequent regression modelling, and 
also a linear regression power analysis to examine the degree to which the inter-
county variation in the data make the variables favourable determinants of MVT 
rate variation. Appendix E contains data (by county) for the physician and all 
other county-level variables measured in this study. 
6.3.1 Physician demographic variables 
The 8 physician demographic variables are the graduation year and licence 
year of both ENT surgeons and referring physicians, the percentage of ENT 
surgeons who are female, the percentage of referring physicians who are female, 
and the percentage of North-American trained ENT surgeons or referring 
physicians. 
Scattergraphs (not shown) reveal in the main that the bivariate relations 
between the variables are represented by rather trendless clouds of points. The 
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exceptions are the relationships between ENT surgeon licence year and graduation 
year, and referring physician licence year and graduation year, which are 
characterized by strong, positive linear trends. These observations are supported 
by the Spearman rank correlation coefficients between these variables, which 
together with the correlation significance levels, are reported in Table 13 for the 
counties for which data are available for all the demographic variables (so that the 
counties used for each correlation are the same and a proper comparison can 
therefore be made). Several pairs of variables have correlations that are significant 
at the 0.01 level or better. Pairs of variables such as the percentage of referring 
physicians who are female and the percentage of referring physicians trained in 
North America, although characterized by significant correlations, still show a 
large amount of scatter in their relationship. The two stand-out pairs are ENT 
surgeon licence year and graduation year, and referring physician licence year and 
graduation year, which have correlations of 0.84 and 0.89 respectively. On the 
basis of these correlations and the patterns of the scatter plots, it seemed 
reasonable to reduce these variables. The course taken was to retain the licence 
year variable in each case, as the preferred indicator of physician experience. 
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Table 13: Spearman correlation matrix for physician demographic 
variables (n=44). 
ENT-gradyr ENT-licyr ENT-NA ENT-female 
ENT -graduation yr 0.84** 0.16 
-0.23 
ENT -licence yr 0.84** 
-0.01 
-0.18 
ENT -NA-trained 0.16 -0.01 
-0.41 
ENT-female -0.23 -0.18 
-0.41 ** 
Ref-graduation yr 0.11 0.12 -0.18 
-0.01 
Ref-licence yr 0.20 0.24 -0.21 0.08 
Ref-NA-trained 0.20 0.08 0.20 -0.41 ** 
Ref-female 0.36* 0.44** -0.15 -0.05 
Ref-grad yr Ref-licyr Ref-NA Ref-female 
ENT -graduation yr 0.11 0.20 0.20 0.36* 
ENT -licence yr 0.12 0.24 0.08 0.44** 
ENT-NA-trained -0.18 -0.21 0.20 -0.15 
ENT-female -0.01 0.08 -0.41 ** -0.05 
Ref-graduation yr 0.89** 0.32* 0.38* 
Ref-licence yr 0.89** 0.18 0.51 ** 
Ref-NA-trained 0.32* 0.18 0.00 
Ref-female 0.38* 0.51 ** 0.00 
* = correlation significant at 0.05-0.01 level of significance 
** = correlation significant at 0.01 level of significance or better 
6.3.2 Physician opinion variables 
6.3.2.1 Correlations among the opinion variables 
The nine physician opinion variables are the paediatricianiOP propensity 
to refer, the paediatrician/OP threshold of referral, the ENT surgeon propensity to 
perfonn surgery, the ENT surgeon threshold to perfonn surgery, and the 
paediatricianiOPIENT surgeon perceived outcome of surgery. These variables are 
measures of the opinions of physicians as scores relative to their peers, averaged 
at the county level, and the methods that were used to calculate the scores are 
described in Chapter 5. 
Table 14 reports Speannan rank correlations among these 9 opInIon 
variables, for the 26 counties that have data for all variables to allow a consistent 
comparison of correlations among different variables. The table reveals some 
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important information concerning the inter-relationships among physician opinion 
variables at the county level. Several pairs of variables have correlations 
significant at the 0.01 level of significance or better. The correlations for 
propensity and threshold between paediatricians and GPs (0.56 and 0.47) are 
greater than those between ENT surgeons and paediatricians (0.19 and 0.34) and 
between ENT surgeons and GPs (0.29 and 0.33). The correlation matrix of Table 
14 suggests that GPs and paediatricians could usefully be conjoined to form a 
single "referring physician" group. 
Table 14: Spearman correlation matrix for physician opinion variables 
(variables for GPs, paediatricians, and ENT surgeons) (n=26). 
Paed Paed Paed GP GP 
propensity threshold outcome propensity threshold 
Paed propensity -0.22 0.27 0.S6** 0.07 
Paed threshold -0.22 0.06 0.22 0.47* 
Paed outcome 0.27 0.06 0.13 0.23 
GP propensity 0.S6** 0.22 0.13 -0.20 
GP threshold 0.07 0.47* 0.23 -0.20 
GP outcome -0.42* 0.17 0.39 -O.OS -0.18 
ENT propensity 0.19 -0.09 0.11 0.29 -0.24 
ENT threshold -0.S7** 0.34 -0.34 -0.38 0.33 
ENT outcome 0.33 0.09 0.48* 0.28 0.10 
GP ENT ENT ENT 
outcome propensity Threshold outcome 
Paed propensin' -0.42* 0.19 -0.S7** 0.33 
Paed threshold 0.17 -0.09 0.34 0.09 
Paed outcome 0.39 0.11 -0.34 0.48* 
GP jJropensi~ -0.05 0.29 -0.38 0.28 
GP threshold -0.18 -0.24 0.33 0.10 
GP outcome -0.05 0.08 0.15 
ENT Jlropensi~ -0.05 -0.40* 0.11 
-0.36 ENT threshold 0.08 -0.40* 
ENT outcome 0.15 0.11 -0.36 
* = correlation significant at 0.OS-0.011evel of significance 
** - correlation significant at 0.01 level of significance or better 
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6.3.2.2 An alternative approach to data reduction: Principal Components 
Analysis 
An alternative approach to reducing the set of physician opinion variables 
is the use of Principal Components Analysis (peA). The major aim of such an 
analysis here would be to generate components that summarize the physician 
opinion variables, and the components themselves would then be forwarded as 
predictors to the regression modelling stage. 
PCA is a data reduction technique that summarizes correlations and 
interactions among the variables in terms of a smaller number of underlying 
components (Stevens 1986). The procedure of PCA involves reducing the 
dimensionality of multivariate data by reprojecting the data onto a new coordinate 
system (new axes) that are linear combinations of the original axes and which best 
represents the internal variability in the data. The technique also compresses the 
internal variability in the data into a smaller number of important axes, by 
capturing correlations among variables, and reduces "noise" to the lower, less 
important axes. Eigenanalysis provides the new projection matrix, whereby 
eigenvectors are the coefficients that will transform the original variables into the 
new projection (the rotation matrix), and the eigenvalues scale the new axes, with 
the longest first, and each successive axis shorter (Hair et al. 1998). 
Normally, the analysis is run on the scale-invariant correlation matrix 
since the scale of the variables changes the analysis when the covariance matrix is 
used. The new axes derived through PCA are the principal components of 
variation in the data, of which there are as many as the number of original 
variables. The main result of PCA is to realign samples along new variables (the 
PCs), so that the first principal component (PC) maximizes sample variance along 
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its axis. Subsequent axes are drawn to maximize variance in directions orthogonal 
to prior components. Typically, correlations among the variables compress the 
variance into the first few axes, so that much of the variation in the data can be 
represented on just a few axes. The amount of variance on each PC is expressed as 
its eigenvalue; the eigenvalue for a PC, divided by the sum of all eigenValues, is 
the proportion of the variance expressed on that PC. A PC with an eigenValue 
greater than 1.0 summarizes more variation than an original variable, while an 
eigenvalue less than 1.0 does not contribute to data summary (it has less variance 
than the original variable). One feature of PCA that favours its use over other data 
reduction techniques is that it reproduces all of the variance in the original dataset 
(Manly 1994). 
The eigenvectors are the standardized coefficients by which the original 
variables are multiplied, as in multiple regression, to transform them into the new 
principal components (loadings are also interpreted as the correlations between 
the original variables and the new principal components.) Variables that load 
heavily on the same components are related through mutual correlation/causation, 
whereas unrelated variables would load on different components. Examining the 
pattern of these loadings suggests the variables that contribute to each component, 
which may allow a physically meaningful interpretation to be attached to the 
component (Hair et al. 1998). 
Table 15 reports the results of running a peA on the 9 physician opinion 
variables. The opinion variables of the referring physicians (paediatricians and 
GPs) and the specialists (ENT surgeons) were analyzed together as each 
professional group assessed the same patient and clinical characteristics presented 
as items in the survey and from which the measures of propensity, threshold, and 
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outcome were derived. The peA used varimax rotation, and the components 
retained were those having an eigenvalue of more than 1.0, as eigenvalues lower 
than this indicate that a component has an importance equivalent to less than that 
of a single variable. Using such a strategy, three components were retained, 
together accounting for 69 % of the variation in the nine opinion variables (Table 
15). 
The factor loadings of the three retained factors are given in Table 16. 
These loadings represent the strength of the association between each variable and 
the factors, and also indicate whether the association is negative or positive. For 
example, OP threshold is weakly related to the first factor, but strongly related to 
the second. The pattern of the factor loadings are generally interpreted in terms of 
groupings of the original variables across the factors, and Table 17 allows the 
absolute values in Table 16 to be more easily interpreted in such a fashion. The 
first factor is associated primarily with paediatrician threshold, OP outcome, 
paediatrician propensity, and ENT threshold. The second factor is associated 
mainly with OP propensity, OP threshold, and ENT surgeon propensity. The third 
factor is associated most strongly with paediatrician outcome, ENT surgeon 
outcome, and paediatrician propensity. 
It is clear that the pattern of loadings of the variables on the components 
produces some cross-cutting among the different physician groups, which would 
not be readily interpretable in a meaningful way. For example, if the first 
component were subsequently used as a variable in regression analysis and shown 
to be a significant determinant of county-level variations in MVT rate, it would 
not be possible to decide which of the four original opinion variables was the 
major driver of such an effect. Moreover, the fact that some variables, in 
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particular ENT threshold, ENT propensity, and paediatrician propensity, are 
diluted over two or all of the components (Tables 16 and 17) means that the 
potential effect of those variables as predictors of MVT rate variation would be 
obscured. For those reasons, the reduction in the number of physician opinion 
variables using peA was rejected in favour of the reduction by conjoining 
paediatricians and GPs into a single "referring physician" group on the basis of 
correlation analysis as described above in section 6.3.2.1. 
Table 15: Eigenvalues of all factors extracted using 
Principal Components Analysis of physician opinion 
variables. 
Eigenvalue Individual Cumulative Component Percent Percent 
1 Retained 2.064 22.94 22.94 
2 Retained 1.816 20.18 43.11 
3 Retained 2.286 25.40 68.51 
4 0.980 10.89 79.41 
5 0.724 8.04 87.45 
6 0.591 6.56 94.01 
7 0.212 2.36 96.37 
8 0.171 1.89 98.26 
9 0.156 1.74 100.00 
Table 16: Component loadings after varimax rotation, for factors 
with eigenvalue> 1.0. 
Variables Component 1 Component 2 Component 3 
Paediatrician 2fopensity 0.560 0.185 0.685 
Paediatrician threshold -0.846 -0.242 -0.007 
Paediatrician outcome 0.088 -0.020 0.756 
GP propensi!y -0.273 0.640 0.328 
GP threshold -0.073 -0.866 0.351 
GP outcome -0.755 0.263 0.001 
ENT propensity 0.258 0.588 0.303 
ENT threshold -0.537 -0.381 -0.600 
ENT outcome -0.148 0.046 0.750 
120 
Table 17: Component loadings of Table 16 expressed in tabular bar 
chart form. 
Variables {un ... " ... ent 3 
Paediatrician orcmellSH 
Paediatrician threshold 
Paediatrician outcome 
GP 
GP threshold 
GP outcome 
ENT threshold 
ENT outcome 
6.3.2.3 Physician opinion variables: conclusion 
In conclusion, the analyses above indicate that conJommg the 6 
paediatrician and OP opinion variables into 3 referring physician variables on the 
basis of correlation analysis is appropriate. Table 18 indicates that the correlations 
among these 3 referring physician variables are fairly low. Although the 
correlation between threshold and propensity is -0.32 and significant at p=0.025, 
the scatter plot of these two variables (Figure 3) indicates that the trend is weak 
and that there is a considerable amount of scatter in the data. It is evident that both 
variables would each contribute a large degree of unique information as predictors 
in a regression model. Oi ven this, it is appropriate to retain both propensity and 
threshold of referring physicians for subsequent entry as independent variables 
into the regression modelling of Chapter 7. Overall, the low or moderate 
correlation values in Table 18 indicate that each opinion variable (propensity, 
threshold, and outcome) encapsulates unique aspects of referring physicians' 
clinical opinion as measured at the county level. 
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Ta~le 18: Spearman correlation matrix for referring physician 0 inion 
variables (n=49). p 
Referring Referring Referring 
physician physician physician 
propensity threshold outcome 
Ref physician propensity 
-0.32* 0.03 
Ref physician threshold -0.32* 0.06 
Ref physician outcome 0.03 0.06 
* - correlation significant at 0.05-0.01 level of significance 
** = correlation significant at 0.01 level of significance or better 
Figure 3: Bivariate scattergraph showing scores of referring physician 
threshold of referral versus referring physician propensity to refer (n=49). 
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6.3.3 Physician supply, patient access, and population 
distribution variables 
The physician supply variables are the rate per 100,000 population of GPs 
physicians and ENT surgeons respectively, and the rate of paediatricians per 
100,000 children «10 years old); the patient access variables are the waiting time 
for a specialist consultation after referral, and the waiting time for surgery after a 
specialist consultation, respectively; and the population distribution variables are 
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the proportion of children aged < 10 years, and the proportion of young people 
aged < 20 years; 
Table 19 reports details the strength and direction of the bivariate 
relationships among these variables as indicated by Spearman correlation values 
for the 36 counties that have data for all seven variables of interest. The table 
shows that the correlations are mixed. However, by far the best-defined 
relationship is between the proportions of young people < 20 yrs and of children < 
10 yrs, with a very strong correlation at 0.81. On this basis, it is appropriate to 
retain just one of these variables. The proportion of children < 10 years old is the 
most suitable to retain, as the vast majority of MVT operations are performed on 
these children, and therefore this variable is likely to be a superior potential 
determinant of MVT rate variation. 
Table 19: Spearman correlation matrix for physician supply, patient access, 
and population distribution variables (n=36). 
% % Paed rate ENT Ref wait ENT 
<1Oyrs <20yrs GP rate rate wait 
% <1Oyrs 0.81 ** -0.28 -0.10 -0.15 -0.22 -0.27 
% <20yrs 0.81 ** -0.49** -0.27 -0.28 -0.27 -0.35* 
GP rate -0.28 -0.49** 0.31 0.24 0.19 0.24 
Paed rate -0.10 -0.27 0.31 0.20 -0.20 -0.09 
ENT rate -0.15 -0.28 0.24 0.20 -0.01 0.12 
Ref wait -0.22 -0.27 0.19 -0.20 -0.01 0.43* 
ENT wait -0.27 -0.35* 0.24 -0.09 0.12 0.43* 
* = correlation significant at 0.05-0.01 level of significance 
** = correlation significant at 0.01 level of significance or better 
6.3.4 Deprivation (socio-economic status) 
A deprivation score was calculated for 478 FSAs using four variables: the 
proportion of males in blue-collar jobs, the proportion of low-income families: the 
unemployment rate among males who have children; and the average number of 
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i 
persons per room. The details of the procedure used to calculate the deprivation 
scores are described in Chapter 5. 
Deprivation scores for the counties and FSAs are presented in Appendices E 
and F respectively. At the FSA level, deprivation scores were calculated for 478 
FSAs in Ontario. The mean deprivation index was 0 (SD 2.865; median -0.26; 
range -7.27 to 10.72). The 49 county-level deprivation scores were calculated by 
using the average of the deprivation scores for the FSAs in each county, weighted 
by the FSA populations. 
Table 20 reports Spearman rank correlations between values of deprivation 
score and other independent variables at the county level. The correlations are on 
the whole very low. Deprivation score is potentially a useful variable for helping 
to explain MVT rate variation, as it is not strongly associated with the other 
independent variables. 
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Table 20: Spearman rank correlations between 
deprivation score and other independent variables. 
Variable Correlation with deprivation score N 
% pop < 10 yrs 
-0.20 49 
OP rate 0.10 49 
Paed rate -0.10 49 
Ref phys propensity 
-0.21 49 
Ref phys threshold 0.01 49 
Ref phys outcome 0.08 49 
Ref wait 0.03 49 
ENT proQensity 0.02 36 
ENT threshold -0.07 36 
ENT outcome -0.03 37 
ENT wait 0.01 36 
Ref-female -0.14 49 
Ref-N.America 0.11 49 
Ref-licyr 0.29* 49 
ENT-licyr -0.01 45 
ENT-female 0.09 45 
ENT -N . America -0.22 44 
ENT rate 0.04 49 
* = correlation significant at 0.05-0.01 level of significance 
6.3.5 Variation in the independent variables 
A lack of variation in the X-variable is of concern in regression analysis. 
This is because if the variation in X is small, the analysis may not have sufficient 
power to detect a non-zero slope (leading to a non-significant test result). As 
regression analysis will be used in Chapter 7 to relate MVT rate to the 
independent variables described above in sections 6.3.1-6.3.4, the variation within 
these potential determinants of MVT rate should therefore first be examined in 
respect of power to detect non-zero regression slopes. 
Statistical power concerns the ability of a test to reject Ho when there is a 
real correlation (relationship) between the variables. Specifically, power for 
regression analysis is the probability of correctly rejecting Ho (regression slope 
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~=O), or in other words one minus the probability of making a Type IT error, and 
therefore measures the probability of obtaining a statistically significant result 
given that there is a real effect. If a test for a regression slope is not statistically 
significant, would it be because there is no effect or because of a lack of power? 
Power analysis can distinguish between these alternatives. 
For a given number of observations, power is increased by a larger effect, 
and by greater variation in the X-variable data (as measured by the standard 
deviation). The variability of each independent variable across the counties will 
therefore have an influence on whether a statistically significant relationship with 
MVT rate can be detected .. Table 21 reports the estimated standard deviations of 
the independent variables at county level, and shows that there is a wide range of 
values for the measured variables. The results of a linear regression power 
analysis (Figure 4) indicate how the power of the test ~=O varies according to 
regression slopes and standard deviations of the independent variables. The values 
of standard deviation used (SX between 0.2 and 10) cover most of the range of 
values calculated for the independent variables in this study. The graph shows that 
power is higher when values of regression slope (i.e. the "effect") and SX are 
greater. For example, a sample size of 50 achieves 12 % power to detect a slope of 
80 when SX=O.5, the standard deviation of Y=366, and a=0.05; whereas 92 % 
power is achieved when SX=2.0. This indicates that the independent variables in 
Table 21 that have higher standard deviations are more likely than others to allow 
detection of a statistically significant (i.e. non-zero) slope when used as an X-
variable in regression analysis with MVT rate. 
Figure 5 presents the results of the power analysis in a different way by 
plotting regression slope against SX. The line on the graph of Figure 5 represents 
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the minimum values of slope detectable for various values of SX, for N=50, SY = 
366, u=0.05, and power = 90 %. The figure shows that X variables with larger 
standard deviations are more easily able to detect a statistically significant slope. 
In summary, it may be the case, therefore, that some of the potential determinants 
of MVT rate may not be found to be significant predictors, not necessarily 
because they are unimportant variables but because there is a lack of power to 
detect their significance. 
Table 21: Standard deviations of the 
dependent and independent variables. 
Variable StDev 
MVT rate (Y -variable) 366.2 
Deprivation score 1.26 
Proportion of popn < 10 yrs 0.012 
GP rate 115.1 
Paediatrician rate 152.9 
Ref phys propensity 0.124 
Ref phys threshold 0.263 
Ref phys outcome 2.77 
Ref phys wait 3.07 
ENT propensity 0.193 
ENT threshold 0.374 
ENToutcome 4.22 
ENT surgeon wait 3.35 
Ref-female 7.25 
Ref-N.America trained 7.65 
Ref-lie yr 2.72 
ENT-lic yr 6.76 
ENT-female 8.46 
ENT-N.America trained 20.3 
ENT surgeon rate 0.63 
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Figure 4: Linear regression power analysis for various values of SX and 
regression slope, for N=50, SY = 366, and a=0.05. 
Figure 5: Values of slope detectable for various values of SX, for N=50, SY = 
366, a=0.05, and power = 90 %. 
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6.3.6 Physician and other county-level variables as determinants 
of MVT rate: conclusion 
The approach taken was to examine the correlation structure within 
groupings of independent variables, and to remove or conjoin variables that were 
highly correlated with others. This evaluation of the suitability of the physician 
and other county-level variables as determinants of inter-county MVT rate 
variations resulted in the retention of 20 of the original 26 independent variables 
of the maximum model developed and presented in Chapter 4. The variables 
discarded due to high inter-correlations were the graduation year of ENT 
surgeons, the graduation year of referring physicians, and the proportion of people 
<20 years old. The six physician opinion variables (propensity, threshold, and 
outcome for GPs and paediatricians respectively) were conjoined into three 
variables for referring physicians, on the basis of the correlation structure among 
opinion data for paediatricians, GPs, and ENT surgeons. Referring physician 
propensity and threshold each hold substantial unique information and 
appropriately enter the regression modelling stage as separate variables. 
Linear regression power analysis examined the variation in power for 
different combinations of regression slope and standard deviation of the 
independent variable to show that variables that have larger standard deviations 
are more likely, ceteris paribus, to produce detectable (statistically significant) 
regression slopes during regression modelling. 
The 20 variables are forwarded to a regression modelling stage in Chapter 
7, where stepwise and backward regression are expected to further reduce the 
number of independent variables to a more appropriate level by removing the 
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most inefficient predictors of MVT rate. The full list of county-level variables 
entering the regression modelling stage in Chapter 7 is presented in Table 22. 
Table 22: County-level standardized MVT rate and 
independent variables to be used in the regression 
modelling in Chapter 7. 
County-level variable 
Standardized MVT rate (dependent variable) 
ENT surgeon rate per 100,000 people 
ENT surgeon opinion of outcome 
ENT surgeon propensity to perform MVT 
Wait for surgery after consultation 
ENT surgeon threshold for performing MVT 
Proportion of referring physicians who are female 
Proportion of referring physicians trained in North America 
Median licence year, referring physicians 
GP rate (GPs/100,000 people) 
Paediatrician rate (paediatriciansIlOO,OOO children < lOyrs) 
Referring physician opinion of outcome 
Referring physician propensity to refer for MVT 
Wait for consultation after referral 
Referring physician threshold for referral for MVT 
Median licence year for ENT surgeons 
Proportion of ENT surgeons trained in N .A. 
Proportion of population age <10yrs 
Proportion of ENT surgeons who are female 
Urban or rural county 
Deprivation score 
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Chapter 7: SAV in MVT Rates and its explanation 
7.1 MVT RATES 
There were 131,763 MVT hospital discharge records for patients with age 
less than 20 identified over the study period (April 1, 1992 to March 31, 1998). 
Eight records were dropped because they came from non-acute hospitals as it was 
assumed that the MVT procedure code for these records was incorrect. A total of 
857 records were discarded because the patient did not live in Ontario and a 
further 1,354 records were discarded because the residence code was invalid. One 
record was dropped because the patient's sex was not specified. This left a total of 
129,543 discharge records for Ontario residents age nineteen or less, who received 
an MVT procedure over the study period and whose place of residence was 
identified. 
7.1.1 Age-Standardized Rates 
The MVT rate for each small area was calculated as the annual age-gender 
standardized rate per 100,000 children, averaged over the six years (Figure 6). 
Over the study period, the age-gender standardized MVT rate per 100,000 
population < 20 years was 736. The MVT rate for boys is one and a half times 
greater than for girls. MVT rates were bimodal, peaking for children aged one 
(2,397 per 100,000) and again for those aged four (1,925 per 100,000). MVT 
operations were rarely perfonned on children under twelve months, accounting for 
only 3.2 % of all MVTs on children < 20 years of age. MVT rates fell from 777 
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per 100,000 children in fiscal year 1992 to 646 in fiscal year 1997· representing a 
16.9 % reduction. 
Figure 6: Age-gender specific MVT hospitalization rates per 100 000 
population < 20 years old in Ontario for fiscal years 1992/3-1997/8. 
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7.1.2 MVT rates by geographic area 
-+- Female 
---.- Male 
---+-- Both 
The age-gender standardized rates of MVT for the period April 1, 1992 to 
March 31, 1998, in ascending order for the 57 geographic areas of Ontario 
examined in this study is displayed in Figure 7. Chi-square tests (as described in 
chapter 5) were used to determine whether the standardized rate for each county 
was below, equal to, or above, the provincial average rate of 736 per 100,000 
persons < 20 years old. The results of the chi -square tests are reported in 
Appendix G. When the average rates of the 57 areas were compared in this 
manner, 15 had rates significantly below the provincial mean, 25 had rates not 
significantly different from the mean, and 17 had rates significantly above the 
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mean (at significances of <0.001). The characteristics of these three different 
groups, and their geographical patterns, are analyzed further below in section 7.3. 
Figure 7: The variation in the age-gender standardized MVT rate per 
100,000 population aged < 20, for the 57 geographic areas of Ontario, for the 
period April 11992 to March 311998. 
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Notes: The vertical line is the overall provincial rate of 736 per 100,000. Areas or 
counties marked "*,, have rates that are significantly different from the overall 
provincial rate; the urban/rural coding is made only for those areas/counties. 
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7.1.3 MVT rates by county 
Table 23 presents statistics about the variation in adjusted MVT rate 
across the 49 counties of Ontario. A simulation, as described in section 5.8.2, was 
run to estimate the distribution of values of the EQ, CV, and SCV of the adjusted 
MVT rates across the province expected from random processes alone. These 
values were compared with the actual values as given in Table 23, to assess the 
statistical significance of the actual measured values, and hence to determine 
whether the SA V in adjusted MVT rates among the counties was significant. The 
results of the simulation showed that the values of the three measures of variation 
were significantly greater than those expected if the variation in adjusted MVT 
rates had been due to random processes alone, at probability values of p<0.001. 
Table 23: Statistics describing variation in adjusted MVT rate across the 
counties. 
Percentiles 
EQ CV SCV IQR (25th,75th) 
Peterborough (1958.7)/Kenora (209.7) 
39.6 228.9 363 (589,953) 
=9.34 
7.1.4 Small area variation (by year) 
Although the MVT rates show an apparent decrease over the years of 
interest, the amount of variation has been increasing as measured using the 
statistics of Table 24. For the six-year period of interest, the extremal quotient 
(EQ), which measures the ratio of the standardized MVT rate in the region with 
the highest rate (Peterborough at 1958.7 per 100,000 population < 20 years) to 
that in the region with the lowest rate (Kenora District at 209.7) was 9.34. The 
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variations in EQ are driven chiefly by the rates in the county with the lowest rate. 
Over time, the highest rate varies by only 20 % while the lowest rate varies by 200 
%. The overall variation, as measured by the weighted coefficient of variation 
(CV), and standardized coefficient of variation (SCV) increased over time while 
the interquartile (IQR) range remained fairly constant. 
Table 24: The amount of small area variation according to the EQ, CV and 
SCV for fiscal years 1992/3-1997/8. 
Year EQ CV SCV IQR IQR (25th, 75th) 
1992 Peterborough (1829.3/Kenora (243.0) 39.66 217.44 383 (642,1025) 
=7.53 
1993 Victoria (1879.2)/Kenora (164.6) 37.63 205.11 416 (594,1010) 
=11.42 
1994 Peterborough (2044.7)1 Rainy River (153.4) 40.90 241.71 425 (570, 995) 
=13.30 
1995 Nipissing (2203.54)lRainy River(116.27) 42.86 300.53 455 (571,1026) 
=18.95 
1996 Peterborough (1980.0)/Kenora (218.2) 42.52 268.15 362 (514,876) 
=9.07 
1997 Peterborough (1984.9)/Kenora (261.1) 42.80 276.82 279 (503,783) 
=7.60 
7.1.5 Small area variation by FSA 
The standardized MVT rates in the 478 FSAs analyzed in this study range 
between 7.5 and 2203 per 100,000 persons, and are reported for each FSA in 
Appendix F, which contains data for all variables measured at FSA level. The CV 
is 46.6 % (Table 25), which is a little higher than the value for county variation, 
probably because of the smaller unit of observation (FSA versus county), which 
increases the amount of variation attributable to random chance. 
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Table 25: Statistics describing variation in standardized 
MVT rate across the FSAs. 
EQ CV IQR IQR 
(25th, 75th) 
294 46.6 367 (498,865) 
7.2 INFLUENCE OF PHYSICIAN AND OTHER COUNTY-LEVEL 
VARIABLES ON STANDARDIZED MVT RATE VARIATION 
In this section, correlation and regression analyses are used to detenrnne 
the extent to which the observed MVT rate variation across counties is able to be 
explained usmg variables that measure physician opinion, physician 
demographics, physician supply, patient access, population characteristics, 
urban/rural county status, and deprivation score. 
7.2.1 Correlations between standardized MVT rate and physician 
and other county-level variables 
7.2.1.1 Significant correlations 
Table 26 reports the correlation statistics for the seven (of 20) independent 
variables that are significantly (p < 0.05) associated with standardized MVT rate 
at the county level, for the 36 counties for which all data are available so that 
correlations are based on the same counties and therefore directly comparable. 
Referring physician propensity to refer and threshold of referral are both 
marginally significant, with higher values of standardized MVT rate being 
associated with higher values of referral propensity and with lower values of 
threshold of referral. Of the five ENT surgeon variables that are significant, the 
ENT surgeon threshold to perfonn surgery, the percentage of ENT surgeons who 
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are female, and the ENT surgeon rate per 100,000 persons, are all significant at 
around p=O.OI, and are all negatively associated with standardized MVT rate. The 
relationship of county urban/rural status was assessed using a Wilcoxon Rank-
Sum Test for equivalence of medians, and Table 26 shows that median MVT rate 
is marginally different between urban counties (713.3 per 100,000) and rural 
counties (807.3 per 100,000). 
The scattergraphs of Figures 8 and 9 give a flavour of the pattern and 
strength of the relationships between the physician variables and standardized 
MVT rate. Figure 8 shows a plot of standardized MVT rate against referring 
physician propensity; the points are rather scattered but a moderate positive trend 
is identifiable. Figure 9 displays a similar graph for ENT surgeon propensity, and 
the positive trend is somewhat more marked. 
Table 26: Spearman correlations between standardized MVT 
rate and county-level variables (only significant correlations 
shown) and median-test result for urban/rural status (n=36). 
Variable Correlation p 
Ref physician propensity 0.35 0.041 
Ref physician threshold -0.35 0.041 
ENT surgeon propensity 0.33 0.049 
ENT surgeon threshold -0.42 0.013 
ENT surgeon licence yr -0.35 0.039 
% ENT surgeons female -0.43 0.011 
ENT surgeon rate -0.43 0.012 
Urban/rural status -- 0.042 
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Figure 8: Bivariate scattergraph of standardized MVT rate (per 100000 
persons <20yrs) versus referring physician propensity to refer. ' 
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Figure 9: Bivariate scattergraph of standardized MVT rate (per 100,000 
persons <20yrs) versus ENT surgeon propensity to perform MVT surgery. 
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7.2.1.2 Correlation between standardized MVT rate and deprivation 
Figure 10 displays a graph of standardized MVT rate versus county mean 
deprivation values. The pattern of the data is not a clear one: the three maximal 
standardized MVT values could be a valid part of the pattern, or if removed, 
would allow a more certain negative trend to the data. The Spearman correlation 
coefficient for the 49 counties is -0.27 and is not quite statistically significant at 
p=0.06. 
Figure 10: Bivariate scattergraph of standardized MVT rate against mean 
county deprivation (n=49). 
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7.2.2 Regression of standardized MVT rate on physician and 
other county-level variables 
7.2.2.1 Stepwise regression 
A stepwise model was run, using standardized MVT rate as the dependent 
variable, and the 20 county-level variables reported in Table 22 as the independent 
variables. The procedure was' used as described in section 5.9.1, with the values of 
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a-entry and a-remove set equal to 0.05. The sequence of variables added to the 
model is presented in Table 27. It shows that referring physician propensity was 
the first variable added, and that ENT surgeon licence year was the last. Urban-
rural status was the second variable to be added, but was removed in the last step. 
The model generated by the stepwise process contained six independent variables. 
and achieved an R-square of 0.689 (i.e. 68.9 %). The six variables selected were 
the physician propensity to refer; the number of ENT surgeons per 100,000 
population; the number of paediatricians per 100,000 children; the median licence 
year of referring physicians; the proportion of referring physicians trained in 
North America; and the median licence year of ENT surgeons. 
Table 27: Iteration detail for stepwise regression of standardized MVT rate 
on county-level variables. 
Variable Model R- Sqrt(MSE) Step Action Square 
1 Added Referring physician propensity to 0.217 335.4072 
refer for MVT 
2 Added Urban or rural county 0.363 306.9859 
3 Added Number of ENT surgeons per 0.457 287.9043 100,000 population 
4 Added Number of paeds per 100,000 0.523 274.0647 
children aged <10 vears 
5 Added Median referring physician licence 0.626 246.7083 year 
6 Added Proportion of referring physicians 
trained in North America 0.676 
233.4697 
7 Added Median ENT surgeon licence year 0.728 217.717 
8 Removed Urban or rural county 0.689 229.0053 
7.2.2.2 Backward elimination 
A backward elimination regression procedure was run, using standardized 
MVT rate as the dependent variable and the 20 county-level variables reported in 
Table 22 as the independent variables. The procedure was used as described in 
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section 5.9.1, with the value of a-remove set equal to 0.05. Fourteen variables 
were eliminated from the full model before the procedure stopped (Table 28). The 
variables remaining in the model were the same ones as selected by the stepwise 
regression procedure. 
Table 28: Summary of backward elimination regression of standardized 
MVT rate on county-level variables. ( 
Step Variable removed Model Sqrt(MSE) R -S--'luare 
0 Full model 0.821 241.592 
1 Percentage of ENT surgeons 0.821 233.941 trained in North America 
2 Referring physician threshold of 0.820 227.248 
referral 
3 ENT surgeon perception of 0.819 221.512 
outcome of surgery 
4 Referring physician reported 0.816 217.328 
waiting time 
5 ENT surgeon propensity to 0.813 213.908 perform surgery 
6 Percentage of ENT surgeons who 0.809 211.019 
are female 
7 GP rate per 100,000 persons 0.803 209.303 
8 Percentage of referring physicians 0.797 207.604 
who are female 
9 ENT surgeon reported waiting 0.793 205.233 
time 
10 Referring physician perception of . 0.786 204.379 
outcome of surgery 
11 Deprivation score 0.778 204.082 
12 ENT surgeon threshold to perform 0.759 208.711 
surK~ 
13 Pr~ortion of children < 1 0 ~s 0.728 217.717 
14 Urban-rural status of county 0.689 229.005 
7.2.2.3 Final model 
The regression model that included the six independent variables identified 
by stepwise and backward elimination regressions as being significant predictors 
of standardized MVT rate was checked with respect to multicollinearit~. residual 
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patterns, and other regression diagnostics. Low variance inflation factor values 
and moderate to high tolerance values for the independent variables indicated that 
multicollinearity problems were not present. Plots of residuals versus the 
independent variables showed generally acceptable patterns. However, an 
inspection of the normal probability plot of the residuals indicated that the 
residuals were not normally distributed, and together with a plot of residuals 
versus predicted MVT rate, indicated a potential outlier county (Prescott & 
Russell county). Regression diagnostics for this county (a standardized residual of 
2.49; a dffit of 1.79; a Cook's distance of 0.37; and a covariance ratio of 0.34) 
identified it as having an unduly large influence on the parameter estimates. 
Therefore, the regression model was re-run without Prescott & Russell 
county (making a total of 35 counties in the model) (the removal of this county 
does not change the variables selected by the stepwise and backward elimination 
regressions as described above). The residuals for the new model were now 
normally distributed as assessed using a normal probability plot and a normality 
test. However, a plot of residuals versus predicted values of MVT rate showed a 
wedge or "megaphone" shape (Figure 11), indicating the presence of 
heteroscedasticity, with the residual variance increasing with higher values of 
predicted MVT rate. The heteroscedasticity was largely removed by using a log 
transformation of the dependent variable, which produced an acceptable pattern of 
residuals (Figure 12). The patterns of residuals versus the independent variables 
(e.g. Figure 13) were also satisfactory. Values of variance inflation and tolerance 
indicated no multicollinearity problems (Table 29). Compared to the model that 
retained Prescott & Russell county, the R-square value increased from 0.689 to 
0.742, adjusted R-square from 0.624 to 0.687, and PRESS R-square from 0.481 to 
142 
0.542. The regression model that excluded Prescott & Russell county, and which 
used a log transform of MVT rate as the dependent variable, was retained as the 
best model achievable for the explanation of standardized MVT rate using 
physician and other county-level variables. 
Figure 11: Residuals of MVT rate versus predicted values. 
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Figure 12: Residuals of log MVT rate versus predicted values. 
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Figure 13: Residuals of log MVT rate versus the percentage of North 
American trained referring physicians. 
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Table 29: Analysis of multicollinearity of the six-variable 
regression model. 
Independent Variance R-square 
Variable Inflation Versus Tolerance Factor Other I.V.s 
ENT licence yr 1.227 0.185 0.815 
ENT rate 1.382 0.276 0.724 
Paed rate 1.945 0.486 0.514 
NA-trained 1.175 0.149 0.851 
Ref licence yr 1.661 0.398 0.602 
Ref propensity 1.171 0.146 0.854 
The final regression model has high statistical significance with an F-Ratio 
of 13.45 (Table 30). The coefficient estimates for the six independent variables 
are presented in Table 31; each variable has a highly significant (p = 0.001 or 
better) regression slope with log MVT rate. Post-hoc values of statistical power, 
the probability of correctly rejecting the null hypothesis of zero slope for each 
variable, are high, ranging from 0.931 to 0.999, indicating that the chance of 
making a Type IT error for the variables ranges from 6.9 % to just 0.1 %. The 
signs of the coefficients indicate that higher MVT rates are expected when: the 
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licence year of ENT surgeons is earlier; the rate of ENT surgeons per 100,000 
population is lower; the rate of paediatricians per 100,000 children is higher; the 
proportion of North American-trained referring physicians is higher; the licence 
year of referring physicians is earlier; and when the measured propensity of the 
physicians to refer is greater. 
The standardized beta coefficients in Table 31 are a measure of the relative 
strength of these predictors. The standardized coefficients are the regression 
coefficients obtained had the variables first been standardized to a mean of 0 and a 
standard deviation of 1, and hence measure the number of standard deviation 
changes in the dependent variable associated with a standard deviation change in 
each independent variable, holding the other variables constant. The advantage of 
the standardized coefficients compared with the (unstandardized) P coefficients is 
that the relative effects of independent variables measured on different scales on 
the prediction of the dependent variable can be directly compared. On this basis, a 
referring physician's propensity to refer is the strongest predictor, followed by a 
cluster of paediatrician rate, referring physician licence year, and the proportion of 
referring physicians trained in North America. The rate of ENT surgeons, and the 
ENT surgeon licence year, are relatively weaker predictors. 
Table 32 reports the R-square of the model when each variable in tum is 
removed from the full model, the reduction in R -square when each independent 
variable in tum is removed from the full model, and also when each variable is fit 
alone. Referring physician propensity and the percentage of North American-
trained referring physicians have most influence on the full-model R -square, with 
ENT surgeon rate and ENT surgeon licence year having the least influence. 
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Referring physician propensity accounts for almost half (44 %) of the explained 
variance in standardized MVT rate. 
Table 33 provides a sensitivity analysis of the significant predictors of 
standardized MVT rate, and presents the percentage change in predicted MVT 
rate corresponding to a 5 % increase in each variable in tum with other variables 
held constant at their mean value. The licence year of referring physicians is the 
most highly-geared driver of MVT rates as revealed by the percentage change in 
MVT rate (-25.0 %). The percentage of referring physicians trained in North 
America is the next highly-geared at 7.8 %. and the ENT surgeon licence year is 
third at -5A %. The other three variables of ENT surgeon rate (-2.2 %), referring 
physician propensity to refer (0.6 %), and paediatrician rate (OA %) all drive 
changes in MVT rate of less than 2.5 % for a 5 % change in their values. 
Table 30: Analysis of variance for regression of log of standardized MVT 
rate on physician and other county-level variables. 
Source DF R- Sum of Mean F- Prob 
square Siluares Sguare Ratio Level 
Intercept 1 295.9179 295.9179 
Model 6 0.742 0.6663561 0.1110594 13.450 0.0000 
Error 28 0.258 0.2312041 8.257288E-03 
Total(Adjusted) 34 1.0000 0.8975602 2.639883E-02 
Table 31: Coefficient estimates for regression of log of standardized MVT 
rate on physician and other county-level variables. 
Regression Standard T-Value Prob Power Standardized Independent Coefficient Error to test Level of Test b Variable B Sb HO:B=O at 5% 
Intercept 5.8549 0.6266 9.344 0.0000 1.0000 0.0000 
ENT licence -0.0095 0.0027 -3.566 0.0013 0.9307 -0.3788 
ENT rate -0.1351 0.0352 -3.838 0.0006 0.9594 -0.4328 
Paed rate 0.0005 0.0001 4.095 0.0003 0.9768 0.5478 
NA-trained 0.0117 0.0023 5.120 0.0000 0.9985 0.5323 
Ref licence -0.0358 0.0076 -4.726 0.0001 0.9953 -0.5842 
Ref prop 0.7991 .0.1347 5.934 0.0000 0.9999 0.6160 
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Table 32: R-square values when each variable in turn is omitted from 
the full model. 
R2 of model ~ 
Independent R- decrease (from R2 when 
Variable when variable 0.742) when variable is fit 
omitted variable omitted alone 
ENT licence year 0.626 0.117 0.122 
ENT rate 0.607 0.136 0.159 
Paed rate 0.588 0.154 0.026 
NA-trained physicians 0.501 0.241 0.126 
Ref licence year 0.537 0.206 0.020 
Ref propensity 0.419 0.324 0.170 
Table 33: Sensitivity analysis for the six significant predictors of 
standardized MVT rate. 
x-variable Mean Coefficient of log 
% change in MVT rate 
MVT rate MVT rate with 5 % change in 
x-variable value(1) 
ENT licence year 69.1 -0.0095 -5.4 
ENT rate 2.05 -0.1351 -2.2 
Paed rate 141.8 0.0005 0.4 
NA-trained ref phys 82.8 0.0117 7.8 
Ref phys licence year 81.7 -0.0358 -25.0 
Ref phys propensity -0.18 0.7991 0.6 
(I) Percentage changes were calculated for each vanable WIth other variables held at their mean 
values. 
The PFeferred final model is one generated using data from 35 counties. 
Thirteen of the full set of 49 counties have no ENT surgeon opinion data due to 
unreturned surveys, and one county (Prescott & Russell) was removed from the 
model as an outlier. The model is therefore strictly valid only for those 35 
counties for which data were included in its construction. 
An alternative could be to disregard the ENT surgeon opinion variables 
(on the basis that they proved insignificant in the regression analysis) and use the 
full set of 49 counties to construct a model with the other independent variables 
(i.e. a "variable deletion" treatment for the missing ENT opinion data). However, 
that would necessitate assumptions about how the (unmeasured) surgeon opinions 
in the 13 counties that are missing such data might relate to MVT rates, and also 
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about how they may modify the relations between MVT rates and other 
independent variables, compared with such relations exhibited in counties that do 
have ENT surgeon opinion data (an "omitted variables problem"). Some 
demographic characteristics (age, licence year, graduation year) of the ENT 
surgeons differ between respondents and non-respondents (Table 8). It is possible 
that the respondents and non-respondents differ in other characteristics too, 
including their opinions about MVT surgery. Importantly, at the county level, the 
% of North American-trained ENT surgeons is significantly higher in counties 
with missing ENT surgeon data (mean values 92.7 % versus 73.3 %, p=O.0006; 
median values 95.1 % versus 77.5 %, p=O.006). The ENT opinion data are 
therefore missing systematically. It is possible that the ENT surgeons in the 
missing data counties could have different opinions from those in other counties, 
as they differ in other respects. Therefore, there is a priori evidence that extending 
the analysis to a fuller set of counties by omitting ENT surgeon opinion data could 
produce model mis-specification by ignoring the potentially significant influence 
of ENT surgeon opinion variables. 
Another alternative to the list wise deletion (complete case) treatment of 
data as used here could be to estimate the missing values of ENT surgeon 
propensity, threshold, and perception of outcome. The best approach would be 
multiple imputation (e.g. Beasley 1998; Brockmeier et al. 1998; Schafer 1999), of 
which there are several different computational approaches. The method 
essentially estimates values of missing data using the multiple correlations of the 
variables of interest that have missing data with the other independent variables. 
Brockmeier et al. (1998) compared the effectiveness of several deletion and 
imputation missing data treatments for a series of data sets with various 
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percentages of systematically Ill1ssmg values, by assessing the impact on 
estimates of standardized regression coefficients and R-square for a two-predictor 
multiple regression model. The results of that study indicated that list wise 
deletion and stochastic multiple regression estimation performed similarly well in 
generating unbiased parameter estimates of the first standardized regression 
coefficients, and that list wise deletion was superior for the second coefficient. 
List wise deletion was superior to all other imputation techniques assessed, 
including detenninistic regression methods. The authors concluded that 
researchers should be confident in using list wise deletion for datasets with 
systematically missing data, as it provides relatively unbiased estimates in the 
presence of large proportions (up to 50 %) of such missing data. Kromrey & 
Hines (1994) had also earlier shown that with moderate amounts of missing data, 
list wise deletion yielded results similar to the results obtained without the missing 
data. On the bases of the points discussed above, the use of a list wise deletion 
treatment for the missing county-level ENT opinion data in this study was 
considered appropriate. 
7.3 GEOGRAPHICAL PATTERNS OF COUNTY-LEVEL STANDARDIZED 
MVT RATE AND THE INFLUENCE OF RURALITY 
Of the 57 geographic areas of Figure 7, 15 had standardized MVT rates 
significantly below the provincial mean, 25 had rates not significantly different 
from the mean, and 17 had rates significantly above the mean. Of the 15 areas 
with lower rates than the provincial mean, 12 are classified as urban and three 
(Kenora District, Rainy River District, and Sudbury District) are rural areas. Of 
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the 17 high-rate areas, 3 are urban (Waterloo Region, Halton Region, and Durham 
Region), and the other 14 are rural areas (Figure 7). 
The geographic pattern of MVT rates is interesting. Figure 14 shows this 
pattern of high- and low-rate counties by mapping the data of Figure 7, which 
pertain to the 57 geographic areas, onto the 49-county pattern. The three counties 
that were subdivided into city areas along administrative boundaries (the counties 
of Metropolitan Toronto, Peel, and Ottawa) contain predominantly urban areas 
with low MVT rates, and are marked on the map of Figure 14 as low rate 
counties, although the city areas themselves are necessarily subsumed in the 
county-level representation. The map shows that the two most remote counties, 
Kenora and Rainy River Districts, have the lowest MVT rates of all counties. 
There is a band of high-rate rural counties in the east extending through Cochrane, 
Timiskaming, and Nipissing Districts. Ottawa is the only county area in the south-
east with a low rate. The other low rate areas are the urban areas in and around 
Toronto and Hamilton. There is an arc or band of high-rate counties surrounding 
, 
these urban, low-rate counties extending from Victoria, Durham, Simcoe, 
Dufferin, Wellington, Grey, Halton, and Waterloo counties~ and then westward 
through Perth and Bruce counties. The band also extends eastward through the 
counties of Northumberland, Peterborough, and Hastings counties (Figure 14). 
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Figure 14: Counties with MVT rates significantly above (red) below (hI ) 
and equal to (white) the provincial mean rate. ,ue , 
I: Kenora Dist. 14: Prescott & Russell 27: Simcoe 40: Niagara 
2: Rainy River Dist. 15: Storm., Dundas, Glen. 28: York 41: Oxford 
3: Thunder Bay Dist. 16: Leeds & Grenville 29: Metro Toronto 42: Brant 
4: Cochrane Dist. 17: Frontenac 30: Hamilton-Wentworth 43: Haldimand-Norfolk 
5: Al~oma Dist. 18: Lennox & Addin~ton 31: Bruce 44: Middlesex 
6: Sudbury Dist. 19: Hastings 32: Grev 45: Elgin 
7: Timiskarnin~ Dist. 20: Haliburton 33: Dufferin 46: Lambton 
8: Manitoulin Dist. 21: Muskoka Dist. 34: Peel 47: Kent 
9: Nipissin~ Dist. 22: Peterborou~h 35: Wellin2ton 48: Essex 
lO: Parry Sound Dist. 23: Victoria 36: Halton 49: Sudbury Region 
11: Renfrew 24: Northumberland 37: Huron 
12: Lanark 25: Prince Edward 38: Perth 
13: Ottawa 26: Durham 39: Larnbton 
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When rural/urban. status was used as a main effect in the regression 
modelling in section 7.2.2 above, the urban-rural distinction was evidently not 
significant. However, it should be noted that the variable did enter and then get 
removed from the stepwise regression procedure, and was only marginally 
insignificant in that procedure (p=O.06). However, stability tests with this variable 
included in the model indicated that regression diagnostics were worse, and the R-
square value fell, for the seven-variable model compared to the six-variable 
model. 
Therefore, the chi-square results (which show a clear urban/rural 
geographical effect on standardized MVT rate variation), and the results of the 
regression modelling (which do not), would appear to be somewhat at odds with 
one another. It is likely that the urban/rural "effect" is one whereby the county 
characteristics that have been shown by regression modelling to control rate 
variation are distributed unevenly between rural and urban areas. The chi-square 
analysis would not account for this, but the regression analyses would take into 
account such inter-correlations among the independent variables as it computes 
the effects of all variables simultaneously. Given the results above that show the 
highest standardized MVT rates are generally found in rural areas, and the lowest 
in urban areas, the 49 counties were divided into the two groups (urban and rural 
counties), and differences in the characteristics of these two sets of counties 
examined by testing equivalence of medians using a Wilcoxon Rank-Sum Test. 
A first set of tests was run for all counties (14 urban and 35 rural counties) 
and using all characteristics (variables). The results of the tests (Table 34) show 
that seven characteristics (besides the standardized MVT rate) differ between 
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urban and rural counties. Two of the seven characteristics (paediatrician rate and 
the percentage of referring physicians who trained in North America) were 
significant detenninants of MVT rate in the six-variable regression model as 
described in Tables 30 and 31. These two variables probably explain most of the 
rural-urban difference in MVT rates. A second set of tests was run, this time only 
for the six significant variables in the regression model and using only the 35 
counties upon which the model was based (a total of 14 urban and 21 rural 
counties), to afford a somewhat more appropriate comparison. The results of those 
tests are presented in Table 35, and confirm that paediatrician rate and the 
percentage of North American-trained referring physicians differ between urban 
and rural counties. Both of these variables have a positive regression coefficient in 
the regression model (Table 31); therefore, one would expect higher standardized 
MVT rates with higher values of each variable, although this does not seem to be 
the case for paediatrician rate (Table 35). However, the magnitude of results of the 
sensitivity analysis (Table 33) showed that the percentage of North American-
trained referring physicians is more highly-geared to driving MVT rate variation 
than is the rate of paediatricians. Therefore, the higher MVT rates for rural 
counties compared with urban counties are best explained by the greater 
percentage of North American-trained referring physicians who work in rural 
counties, the effect of which outweighs the influence of the lower rate of 
paediatricians in such counties which would otherwise drive MVT rates 
downward according to the predictions of the regression model. 
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Table 34: Wilcoxon Rank-Sum Tests for medians of variables between 
urban counties (n=14) and rural counties (n=35) (significant variables 
only are shown). . 
Urban Rural 
County characteristic counties counties P-value 
median median 
Standardized MVT rate (per 100,000 
713.3 persons < 20 yrs) 807.3 0.042 
Paediatrician rate (per 100,000 
150.4 
children) 35.9 <0.0001 
Referring physician threshold of 
0.195 
-0.065 0.008 referral 
ENT surgeon waiting time 
3.5 4.9 0.022 (weeks) 
Percentage of referring physicians 
25.2 17.9 0.005 who are female 
Percentage of referring physicians 
77.4 85.6 0.002 who trained in North America 
Percentage of ENT surgeons who are 3.8 0.0 0.002 female 
Percentage of ENT surgeons who 66.7 87.0 0.013 trained in North America 
Table 35: Wilcoxon Rank-Sum Tests for medians of variables between 
urban counties (n=14) and rural counties (n=21) for the variables that 
were significant in the regression model summarized in Tables 30 and 
31. 
Urban Rural 
County characteristic counties counties P-value 
median median 
Standardized MVT rate (per 100,000 713.3 807.3 0.042 
_persons < 20 yrs) 
Paediatrician rate (per 100,000 150.4 52.3 0.001 
children) 
Referring physician propensity to 
-0.15 -0.17 0.85 
refer 
Referring physician licence year 1982 1981 0.47 
ENT licence _year 1972 1966 0.39 
Percentage of referring physicians 77.4 
who trained in North America 
87.8 0.002 
ENT rate {Qer 100,000 persons) 2.0 1.9 0.53 
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7.4 INFLUENCE OF DEPRIVATION ON FSA-LEVEL STANDARDIZED 
MVTRATE 
As deprivation does not appear to be a significant determinant of 
standardized MVT rate at the county level, the influence of deprivation on FSA-
level MVT rate is now examined. 
7.4.1 FSA-level standardized MVT rates and deprivation 
Figure 15 displays a bivariate scattergraph of the standardized MVT rate 
versus deprivation score for the 470 FSAs for which data are available. The data 
exhibit an approximate inverted-U or bell-shape pattern, characterized by lower 
standardized MVT rates for FSAs of low or high deprivation, with a wider range 
of MVT rates for FSAs closer to the provincial average deprivation level. This 
pattern is also traceable but to a less marked degree in the equivalent county-level 
diagram (Figure 10). 
It is possible that the pattern of Figure 15, which plots the data as a pooled 
set, may be due to inter-county differences in the interaction between deprivation 
score and standardized MVT rate. Figure 16 shows a bivariate scattergraph of 
standardized MVT rate versus deprivation score for counties with 20 or more 
FSAs, coded by county. These counties have been used, rather than the full set, 
for reasons of clarity, and because they contain a substantial proportion (265 of 
470) of the FSAs analyzed. The pattern of Figure 16 shows that the data are 
grouped according to county, and that the inverted-U shape is due to the complex, 
overlapping patterns of the data for FSAs of each county. Although the pattern 
exhibits an inverted-U, it does not comprise a straightforward arrangement 
whereby the relationships within counties are linear, presenting local slopes 
dependent upon the county's mean deprivation score. This is confirmed by the 
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scattered pattern of Figure 17, in which the slope of the regression of standardized 
MVT rate on deprivation for the FSAs in each county (calculated for the 37 
counties that have three or more FSAs) is plotted against the county mean 
deprivation. This figure shows that the interaction between deprivation and MVT 
rate within counties is not related to county mean deprivation score. 
Figure 18 shows the relationship between standardized MVT rate and 
deprivation score for Toronto Metropolitan county, which has the most FSAs of 
any county, at 93. It shows that lower values of MVT rate are associated with less 
deprived FSAs, for this particular county. 
Figure 15: Bivariate scattergraph of standardized MVT rate versus 
deprivation score for 470 FSAs. 
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Figure 16: Bivariate scattergraph of standardized MVT rate versus 
deprivation score for counties with 20 or more FSAs, coded by county. 
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Figure 17: Bivariate scattergraph of slope for the regression of standardized 
MVT rate on deprivation at FSA level plotted against county mean 
deprivation (n=37). 
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Figure 18: Bivariate scattergraph of standardized MVT rate versus 
deprivation score for Toronto Metropolitan county (n=93 FSAs). 
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7.4.2 FSA-level standardized MVT rates controlled for county-
level influences 
As explained in section 5.9.2.2 of chapter 5, an analysis of variance of 
FSA standardized MVT rate on county yields residuals that represent the amount 
by which each FSA's standardized MVT rate exceeds or falls short of the average 
rate for the county. The standardized MVT rate for each FSA is therefore 
corrected for all county-level influences (both known and unknown) on FSA-Ievel 
MVT rate variation. The residuals from such an analysis are displayed in Figure 
19. The residuals were then regressed on deprivation score, using county as an 
indicator variable, to examine the effect of deprivation on MVT rate variation. 
This procedure fits a separate regression for each county, with residual as the 
dependent variable and deprivation as the independent variable. Figure 20 shows a 
graphical summary of such a regression for the 8 counties with 20 or more FSAs. 
It is clear that the regression slopes vary among the counties. Another regression 
model was run, with residual MVT rate as the dependent variable and deprivation 
score as the independent variable, for an expanded data set comprising the 13 
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counties with 10 or more FSAs, and again using county as an indicator variable. 
These counties contain 337 of the 470 FSAs in the dataset. This model explains 
16.8 % (R-square) of the variation in the residuals of MVT rate. A formal 
comparison of the slopes of the lines indicates that they vary significantly across 
the counties (p=O.OOOI). The fact that the intercepts are all zero is an artifact of 
the way the residuals were calculated. 
Clearly there are variations across counties in the effect of deprivation 
score on residual standardized MVT rate at the FSA level. Of all the 49 counties, 
four (Toronto Metropolitan, Elgin, Peel, and York) have significant negative 
relationships, one (Peterborough) has a significant positive relationship, and the 
remaining 44 counties have no statistically significant relationship (e.g. Ottawa, 
Figure 21). 
Figure 19: Residuals from the analysis of variance of FSA standardized MVT 
rate by county. 
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Figure 20: Bivariate scattergraph of residual standardl·zed MVT t 
. . ra e versus 
deprivation score, and best fit regression lines, for counties containin 20 or 
more FSAs. g 
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Figure 21: Bivariate scattergraph (and best fit regression line) of residual 
MVT rate versus deprivation score for the 35 FSAs in Ottawa. 
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7.5 COUNTY-LEVEL DEPRIVATION-ADJUSTED MVT RATES 
It is important to realize that the level of analysis for this section is the 
county, but that the adjustment for deprivation is derived from the regression of 
the standardized MVT rate on deprivation at the FSA level. The aim is to explore 
(at the county level) the influence of physician variables on deprivation-adjusted 
statistics, including the deprivation-adjusted MVT rate, the slope of the regression 
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of standardized MVT on deprivation, and the difference between the standardized 
MVT rate and the deprivation-adjusted MVT rate. 
7.5.1 Generation of county-level deprivation-adjusted MVT rates 
A regression analysis was perfonned for the 37 counties that contained at 
least three FSAs. The intercept for each county's regression line is the predicted 
MVT rate for an FSA in that county with a deprivation score of zero, referred to 
here as the deprivation-adjusted MVT rate. The "deprivation-adjusted MVT rate" 
is therefore defined as the standardized MVT rate for a county if the county had a 
level of deprivation equal to the Ontarian provincial average (i.e., a deprivation 
score of zero). The slope of the regression line indicates the direction of the 
association between rate and deprivation for that county. The magnitude of the 
slope indicates the amount by which the MVT rate would change in that county 
for each unit change in the deprivation score. Table 36 presents, for each county, 
values of the standardized MVT rate, the deprivation-adjusted MVT rate, the 
difference between the rates, and the slope for the regression of standardized 
MVT on deprivation at the FSA level. 
The average absolute percentage difference between the deprivation-
adjusted rate and the standardized rate for the 37 counties is 6.5 %. Of interest 
also is the variation in these rates. The CV for the standardized MVT rate for the 
37 counties is 0.403, but the CV for the deprivation-adjusted MVT rate is 0.432, 
indicating that the deprivation-adjusted rate is more variable across the counties 
than the standardized rate. It may have been expected that the MVT rates would 
have shown less variation having been adjusted for deprivation only if deprivation 
was explaining a component of the variation in standardized MVT rate. Escarce 
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(1993) made a correction for physician practice style effects in a study on cataract 
surgical rates, and 'concluded that as only a very minor reduction in the surgical 
rate variation resulted, practice style variation was not a significant influence on 
surgical rates. Following that interpretational approach, and given the result of the 
deprivation-adjusted correction here, it is interpreted that deprivation does not 
explain any of the inter-county variation in standardized MVT rate. This 
interpretation supports the result of the county-level regression modelling as 
already reported in section 7.2.2. 
The difference between the value of the standardized MVT rate and the 
value of the deprivation-adjusted MVT rate for each county is a measure of the 
degree to which the disparity between the deprivation of a county and 
the provincial average deprivation changes the value of the standardized MVT 
rate. The difference can be either negative or positive, depending on the interplay 
between the regression line slope and the values of deprivation in the FSAs of the 
county. For example, a county with FSAs that all lay below a deprivation score of 
zero and which have a positive regression slope will have a deprivation-adjusted 
MVT rate greater than the standardized MVT rate (as the regression line projects 
upwards to the y-intercept), and the converse will be true if the FSAs lay above a 
score of zero and also had a positive slope. Inspection of Table 36 reveals that the 
maximum difference (or adjustment) between the two types of rate is 2451100,000 
for Parry Sound District, and the minimum is just 21100,000 for Frontenac 
County. Fourteen of the 37 counties analyzed have a deprivation-adjusted MVT 
rate that is lower than the standardized rate. The only variable to be associated 
with the sign of the difference (-ve or +ve) is ENT surgeon threshold to perform 
surgery. A Wilcoxon Rank Sum Test for equivalence of medians shows that the 
162 
median ENT surgeon threshold for performing surgery is higher for counties that 
have a deprivation-adjusted rate that exceeds the standardized MVT rate (a 
positive difference), although whether this represents a causal relationship is 
uncertain. 
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T.able 36: Standar~ized MVT rates, deprivation-adjusted rates, rate 
difference, % rate difference, and slope and significance of regression of 
standardized MVT rate on deprivation (at FSA level), for each county. 
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Brant 742.9 828.88 85.98 3.1 25.71 0.48 
Bruce 964.91 
-- --
-- -- --
Dufferin 1249.29 
-- --
-- -- --
Elgin 766.99 817.38 50.39 
-16.5 
-135.07 0.02 
Essex 589.25 555.38 
-33.87 
-2.0 
-11.18 0.28 
Frontenac 802.66 804.7 2.04 5.6 45.19 0.16 
Grey 1088.36 1002.53 
-85.83 
-18.0 -180.72 0.36 
Haldimand-Norf Regn 609.54 676.17 66.63 8.2 55.62 0.69 
Haliburton 980.43 --
-- -- -- --
Halton Regn 901.7 878.68 -23.02 0.3 2.28 0.95 
Hastings 1328.19 1209.54 -118.65 -4.8 
-57.56 0.61 
Huron 838.85 
-- -- -- -- --
Kent 1203.35 1199.08 -4.27 4.3 51.12 0.50 
Lambton 746.27 793.18 46.91 4.2 33.39 0.23 
Lanark 577.33 661.05 83.72 18.5 122.1 0.23 
Leeds and Grenville 662.28 590.29 -71.99 -21.8 -128.86 0.47 
Lennox and Addington 633.99 
-- -- -- -- --
Metro Toronto 516.94 534.58 17.64 -2.4 -12.63 0.000 
Middlesex 708.92 704.94 -3.98 3.1 21.7 0.39 
Muskoka Dist Munic 723.8 641.84 -81.96 17.3 110.94 0.24 
Niagara Regn 656.22 672.85 16.63 1.0 7.02 0.70 
Northumberland 1520.14 -- -- -- -- --
Durham Regn 1029.35 1097.05 67.7 4.7 51.7 0.11 
Ottawa 421.04 393.47 -27.57 0.3 1.13 0.86 
Oxford 660.14 684.15 24.01 4.6 31.43 0.11 
Peel 613.61 620.88 7.27 -7.1 -43.9 0.001 
Perth 953.01 987.12 34.11 0.5 4.98 0.94 
Peterborough 1958.73 2074.31 115.58 2.7 56.46 0.03 
Prescott and Russell 604.84 591.88 -12.96 5.9 35.2 0.13 
Prince Edward 759.91 -- -- -- -- --
Renfrew 671.54 686.56 15.02 1.6 11.09 0.79 
Simcoe 1110.52 1020.91 -89.61 -17.8 -181.82 0.18 
Storm,Dund,Glengarry 697.78 718.69 20.91 11.0 79.06 0.14 
Victoria 1886.52 -- -- -- -- --
Waterloo Regn 837.38 848.72 11.34 1.0 8.38 0.60 
Wellington 1179.87 1330.85 150.98 3.4 45.68 0.46 
Hamilton-Went Regn 516.91 498.57 -18.34 0.6 2.94 0.58 
York Regn 734.36 659.03 -75.33 -8.9 -58.44 0.02 
Algoma 807.34 984.94 177.6 -7.8 -76.97 0.19 
Cochrane 947.6 1149.23 201.63 -4.7 -54.52 0.59 
Kenora Dist 209.65 147.6 -62.05 11.5 17.02 0.71 
Manitoulin Dist 613.13 -- -- -- -- --
Nipissing Dist 1711.73 1816.03 104.3 -2.3 -42.67 0.41 
Parry Sound Dist 883.57 1128.85 245.28 1.7 19.3 0.94 
Rainy River Dist 248.83 -- -- -- -- --
Sudbury Regn Munic 748.58 608.47 -140.11 5.7 34.41 0.13 
Sudbury Dist 472.6 -- -- -- -- --
Thunder Bay Dist 717.58 657.07 -60.51 9.8 64.21 0.41 
Timiskaming Dist 1150.95 -- -- -- -- --
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7.5.2 Relationships between county-level variables and 
deprivation-adjusted MVT rates 
7.5.2.1 Relationships between county-level variables and regression intercept 
(deprivation-adjusted MVT rate) 
Correlations were used to investigate the relationship between the 
intercepts of the regressions (the intercept is the estimated MVT rate for an FSA 
with average deprivation) and the county-level variables, for the 37 counties for 
which such deprivation-adjusted MVT rates were calculated, and the results for 
which appear in Table 37 (significant correlations only). The effect of urban/rural 
status on deprivation-adjusted MVT rate was tested using a Wilcoxon Rank Sum 
test for equivalence of medians. 
Broadly speaking, the results are similar for standardized MVT rate and 
deprivation-adjusted MVT rate (Table 37). Both are negatively associated with the 
ENT surgeon licence year, the proportion of ENT surgeons who are female, and 
the referring physician threshold for referral. The effect of urban/rural status is 
significant for deprivation-adjusted MVT rate, with lower values in urban counties 
(median 658 per 100,000 persons) than in rural ones (median 817 per 100,000 
persons). However, urban/rural status is marginally insignificant for the 
standardized MVT rate (p=0.058). The referring physician propensity to refer has 
a marginally insignificant association with deprivation-adjusted rate, and is not 
associated with standardized MVT rate. ENT surgeon threshold of referral is 
negatively associated with standardized MVT rate, but not with deprivation-
adjusted MVT rate. 
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Ta~le 37: Correlations between !he county-level variables and deprivation-
adjusted MVT rate and standardized MVT rate respectively. 
County-level variable MVT rate n Correlation 
coefficient p-value 
Standardized 
37 
rate -0.41 0.003 
Median ENT licence year 
Deprivation-
adjusted rate 36 -0.35 0.035 
Standardized 
Proportion of ENT surgeons Rate 37 -0.37 0.028 
who are female Deprivation-
adjusted rate 36 -0.41 0.0l3 
Standardized 37 Referring physician Rate 0.25 0.14 
propensity to refer Deprivation- 37 
adjusted rate 0.32 0.055 
Standardized 37 -0.48 Referring physician Rate 0.003 
threshold for referral Deprivation-
adjusted rate 37 -0.43 0.009 
Standardized 37 Rate -- 0.058 
Urban/rural status 
Deprivation- 37 0.015 
adjusted rate --
Standardized 37 -0.39 0.031 Rate 
ENT threshold for referral 
Deprivation- 30 -0.23 0.23 
adjusted rate 
Given the results that the deprivation-adjusted MVT rates show more 
variation than do the standardized rates, that the average percentage change from 
the adjustment is just 6.5 % (column 5 of Table 36), and given also the similar 
correlations (Table 37) between the two types of rates and the independent 
variables, it was concluded that the adjustment of the standardized rates for 
deprivation was overall a negligible one, with the inference being that deprivation 
has a negligible effect on MVT rate variation. Therefore, the prediction of 
deprivation-adjusted MVT rates using county variables in multiple regression 
analyses was not performed. 
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7.5.2.2 Relationship between county-level variables and standardized 
MIT/deprivation regression slope 
The median slope, for the regression of standardized MVT rate on 
deprivation (at the FSA level), for each of the 37 counties analyzed and reported 
in Table 36, was 11.08. The slope was positive in 25 counties and negative in the 
other 12. A sign rank test has a p-value of 0.49 meaning that, although more 
counties have positive relationships between deprivation and standardized MVT 
rate, when the magnitude of the slopes is taken into account there is no evidence 
of a consistent relationship between deprivation and standardized MVT rate on a 
county by county basis. Overall, the slopes do not significantly differ from zero. 
Only five counties have regression slopes that are statistically significant, and for 
four of these (Toronto Metropolitan, Elgin, Peel, and York) the relationship is 
negative (columns 6 and 7 of Table 36). 
The correlation between the regression slopes (from Table 36) and county 
level variables was examined. Individually, none of the county-level variables was 
significantly correlated with the slope of the deprivation/MVT rate regression line. 
Stepwise and backward elimination methods were used to obtain estimates of the 
slope, using the county-level physician variables as predictors. However, using 
these methods, no predictor (and therefore no model) was found that would 
explain any significant portion of the variation in slope among counties (i.e., 
explain why the relationship between deprivation and MVT rate varies from 
county to county). The dataset of interest was reduced in order to examine the 
better-constrained regression slopes that resulted from the counties with ten or 
more FSAs, and reduced once more to the counties with 20 or more FSAs. In both 
cases, no relationship was evident between the physician variables and the 
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regression line slope, as judged using scattergraphs, correlations, and stepwise and 
backward regression analyses. It seems clear therefore from this multi-faceted 
analysis that the physician variables have no systematic influence on the 
relationship between deprivation and standardized MVT variation. 
To check this analysis and outcome, a hierarchical model, as described in 
section 5.9.2.3 of Chapter 5, was used to estimate values of standardized MVT for 
the FSAs for which all independent variables were available, and to test for 
interactions between the county-level variables and deprivation at the FSA level. 
The results of the model support the above outcome, which is that none of the 
county variables used explains why the effect of deprivation on standardized 
MVT rates appears to vary from county to county (i.e. no significant interactions 
were found). 
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Chapter 8: Discussion 
8.1 INTRODUCTION 
The variation in standardized MVT rates across Ontario's counties has 
been shown to be greater than that expected from random processes alone. 
Explanations for this variation have been sought by examining relationships 
between standardized MVT rate and variables describing physician opinion, 
physician demographics, physician supply, patient access, population 
characteristics, urban-rural status, and socio-economic status (deprivation score). 
This chapter comprises a discussion of these findings within the context of 
published work. 
8.2 PHYSICIAN OPINION 
The variation in physician OpInIOn (variously referred to as physician 
practice style, physician discretion, or professional uncertainty) has been a topic 
of considerable interest in the literature (e.g. Eddy 1984; Heald et al. 1990; Wright 
et al. 1995; McIsaac et al. 2000). The nature and magnitude of differences among 
physicians are important to quantify not only to understand the dynamics of 
referral and surgical decision-making, but also to make assessments of the degree 
to which utilization of medical care is appropriate. Children with RAOM or OME 
generally undergo a period of medical management by a GP or a paediatrician 
before being referred to an otolaryngologist to be considered for surgery. Thus, 
variations in rates can be expected when there is disagreement among referring 
physicians as to the appropriateness of surgical treatment, when there is 
disagreement among specialists as to the optimal surgical procedure, or both. 
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Divergences were found among the three professional physician groups studied. 
This disagreement suggested that differences in physician opinion may be a 
significant predictor of regional surgical rates. 
The results of this study demonstrate considerable disagreement among 
referring physicians about the clinical, patient and parental factors that affect their 
decisions of referral. These variations in referral behaviour, as measured by 
physician propensity to refer, contribute to MVT surgical rate variation as 
demonstrated. There are also differences between referring physicians and ENT 
surgeons in terms of the patient characteristics affecting their decisions to refer or 
operate, respectively. This may be because of different evaluative criteria between 
the professional groups. However, of the 17 patient characteristics used to 
measure physician propensity to refer/operate, 7 achieved concordance at the 80 
% level across the three professional groups. Parental concerns were the least 
likely factors to influence likelihood of referral or surgery. This concords with the 
results of Heald et al. (1990) for the national survey of otolaryngologists in the 
US. 
In this study, GPs had lower thresholds than paediatricians for cases in 
which there were 3 or fewer episodes of AOM in 6 months, fewer months of 
persistent middle ear effusion, and fewer months without responding to 
antibiotics. These differences are in agreement with the results of Roark et al. 
(1995), who found that GPs would refer patients for MVT surgery three times 
more often at the 9-week visit. The threshold at which a rural GP refers a patient 
may be correlated to the longer time that patients wait to gain a consultation with 
a specialist. Referring physicians in rural areas were more comfortable prescribing 
continuous daily antibiotics for a longer period of time than their urban 
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counterparts, perhaps reflecting rural GPs' reported longer waiting time for a 
surgical consultation during which they would have to manage the children. 
Recommendations by ENT specialists to insert ventilation tubes III 
children with recurrent episodes of acute otitis media or persistent effusions are 
influenced by a complex set of clinical, audiological and social factors. While 
there is general agreement about some clinical indications for surgery (6 of the 17 
patient characteristics achieved concordance at the> 90 % level, and a further 2 at 
the > 80 % level), there is considerable disagreement about the role of other 
factors. Differences of opinion about the need for surgery, and type of surgical 
procedure indicated, would probably increase when multiple factors were 
considered simultaneously. Most ENT specialists felt surgery was indicated for 
persistent effusion, lack of response to antibiotics, frequent episodes of acute otitis 
media, and bilateral hearing loss. These characteristics are the same as the 
highest-ranked indicators from the national survey of otolaryngologists in the US 
(Heald et al. 1990). 
8.3 SA V IN MVT RATES 
For the study period April 1, 1992 to March 31, 1998, the average annual 
rate of MVT procedures in Ontario was 736 per 100,000 children below the age of 
20. The age distribution of children receiving MVTs was bimodal, peaking for 
children at ages one and four years, and the age-gender standardized MVT rate 
was more than one and a half times greater for boys than for girls. Ontario's 
gender distribution is congruent with those reported for children elsewhere in 
North America (Bright 1993; Lanphear et al. 1997). As 22.5% of MVT 
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procedures entailed at least one subsequent reinsertion, the estimated cumulative 
overall rate for individuals aged less than 20 was 1080 per 100,000. 
Part of this study examined the extent of small area variation in rates of 
myringotomy with insertion of ventilation tube (MVT) in Ontario, Canada. Large 
regional variations in MVT rates were found. The extremal quotient, which is the 
ratio of the highest area rate to the lowest area rate, was 9.1. The two other 
measures used to quantify variation in rates, the CV (0.396) and the SCV (228.9), 
likewise documented substantial regional variation. Moreover, results of a chi-
square test showed highly significant variations across the counties, as did the 
results of a simulation that established that the observed values of EQ, CV, and 
SCV were significantly greater than those expected from chance alone. Therefore, 
a range of statistics indicates that geographical variations in MVT rates across the 
counties of Ontario are statistically significant (i.e. unlikely to have arisen by 
chance). 
By these measures, the variation in MVT rates is larger than the variation 
measured for other procedures in Ontario. Stockwell and Vayda (1979) reported 
EQ values for a range of surgical procedures across Ontario's 49 counties for the 
period 1974. EQ values ranged from 4.8-4.9 (for appendectomy, hysterectomy 
and cholecystectomy) to 8.2 (for tonsillectomy and/or adenoidectomy). Vayda et 
aI. (1984) extended this time period to five years, from 1973-1977. They reported 
EQ values for various operations (Table 38). Table 38 also presents the CV as 
calculated from the data from Vayda et aI., and the range in EQ and CV of this 
study (taken from Table 24). The range in values of CV for the MVT rate 
variation examined in this study are greater than those reported by Vayda et aI. for 
the other seven procedures reported in Table 38. The values of EQ for MVT are 
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most comparable to the figures for prostatectomy and colectomy. Wright et al. 
(1999) reported rates for knee replacement surgery across Ontario's counties for 
the period 1990-1995. The EQ and CV are slightly lower than the equivalent 
values for MVT variation, but the SCV of 309 for knee replacement variation is 
higher than the 228 for MVT variation. 
The relatively greater inter-county variations for MVT rate could be a 
function of a greater uncertainty existing regarding diagnosis and treatment of 
otitis media by MVT compared with the other conditions (e.g. Roos et al. 1988; 
Folland & Stano 1990). Roos et al. (1988) described hysterectomy, prostatectomy, 
and tonsillectomy as "highly variable" procedures. The MVT rate variation across 
counties appears to be greater than for the variation in these procedures (Table 
38). Alternatively, the figures may be a function of changes over time in the 
Ontarian health system, or in the nature of diagnosis and treatment of the 
conditions. Given that the data used by Vayda et al. (1984) preceded this study 
period by some twenty years, this possibility cannot be ruled out. However, the 
CV is one of the higher values when compared to the multi-country data of 
McPherson (1982), who studied surgical rates among selected hospital services in 
Norway, New England, and the West Midlands. It is also one of the higher values 
on the extensive list of surgical procedures analyzed by Phelps & Parente (1990) 
for the counties of New York State for the year 1987, and also when compared to 
Wennberg's (1990) list of surgical procedures. In addition, the SCV of 228 is one 
of the highest values compared with Wennberg's list. As a caveat to these 
comparisons, the CV statistic is partly dependent on the size and number of the 
areas from wh,ich SA V has been estimated, and strict comparisons are not possible 
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unless any differences 10 the units of analysis between studies have been 
quantified. 
Table 38: Values of EQ and CV for rates of surgical procedures across the 
counties of Ontario. 
Source EQ(1) CV(2) 
Hysterectomy V'!Yda et al. (1984) 3.1-3.7 0.240-0.278 
Tonsillectomy or Vayda et al. (1984) 3.7-4.8 0.245-0.269 
adenoidectomy 
Cholecystectomy Vayda et al. (1984) 1.8-2.5 0.145-0.175 
Prostatectomy Vayda et al. (1984) 5.7-15.1 0.248-0.305 
Appendectomy Vayda et al. (1984) 2.8-4.2 0.258-0.320 
Mastectomy Vayda et al. (1984) 4.1-6.7 0.297-0.382 
Colectomy Vayda et al. (1984) 9.5-15.2 0.0.297-0.314 
Knee replacement Wright et al. (1999) 5.2 0.36 
MVT This study 7.5-19.0 0.376-0.429 
l1T EQs for Vayda et al. are range for years 1973-1975-1977, EQ for thIS study IS range for years 
1992-3-4-5-6-7; EQ for Wright et al. is for 5 year period 1990-1995. (2) CVs for Vayda were 
calculated by this author from reported values for standard deviation and mean, and are the range 
for years 1973-1975-1977; CV for Wright et al. is for 5 year period 1990-1995; CV for this study 
is range for years 1992-3-4-5-6-7. 
The magnitude of SA V in MVT rates reported in this study compares 
rather similarly with those in other MVT-specific studies (Table 39). The MVT 
rates themselves show some variation among the studies however, and the 
differential between this study and those of Gargeu (1999) and Bisset & Russell 
(1994) would be even greater given that the rate calculated for this study relates to 
population aged < 20 years. The overall rate of To et al. (1996) for Ontario is 
higher than this study, and reflects a continuation of the decline in rates between 
1992/3 and 1994/5. The values for the measures of SAY are also interesting. The 
EQ is variable among studies, and this study has the highest value (Table 39). The 
CV though is a better indicator of relative variation, and the four values are very 
similar to each other, lying between 0.37 and 0.40. As the units of analysis for the 
four studies are similar (populations of between 190,000 and 333,000), this small 
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range of CV s may be meaningful in terms of being a "characteristic value" for 
SA V in MVT rates. 
Table 39: Statistics for standardized MVT rates for various studies. 
Author MVT rate EQ (1100,000) CV SCV 
Gargett (1999)(1) . 645 3.03 0.38 --
To et al. (1996)(2) 1060 6.4 0.371 164.7 
Bisset & Russell (1994)(3) 470 3.8 0.378 --
This study(4) 736 9.1 0.396 228.9 
(1) MVT rate calculated per 100,000 populatIOn aged < 15, MVT rate, EQ and CV calculated for 11 
divisions in Queen~land, Australia, whose average population was 305,000; data relate to financial 
years 1993-1994. ( ) MVT rate calculated per 100,000 population aged < 20; MVT rate, EQ, CV, 
and SCV calculated for 44 DHCs in Ontario whose average population was around 225,000; data 
relate to years 199211993-199411995. (3) MVT rate calculated per 100,000 population aged < 16; 
MVT rate, EQ, and CV calculated for all 15 Scottish Health Boards whose average population was 
around 330,000; data relate to year 1990. (4) MVT rate calculated per 100,000 population aged < 
20; MVT rate, EQ, CV, and SCV calculated for 57 geographical areas in Ontario whose average 
population was around 190,000; data relate to range April 1 1992 - March 31 1998. 
8.4 EXPLANATION OF MVT RATE VARIATION 
Because rates were age- and gender-standardized, the observed variations 
cannot be due to regional differences in the age and gender composition of the 
populations. Rate variations may be due to variations in the prevalence of disease; 
however, it is difficult to reconcile all variations to disease prevalence (e.g. Black 
1984, 1984a, 1984b; Wennberg, 1987; Folland & Stano 1990). Folland & Stano 
(1990), in a review of small area variations and their causes, concluded that 
although morbidity does not seem to explain the observed variations in univariate 
or bivariate studies, multivariate studies suggest morbidity may be a significant 
contributor to small area variations. Certainly, for diagnoses such as fractures and 
heart attacks, all patients seek care and therefore differences in hospitalizations 
among communities to a large extent reflect illness incidence (Wennberg 1987). 
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Hulka & Wheat (1985) concluded in their review that patient-level studies point to 
morbidity as being 'probably the primary detenninant of utilization. 
However, Folland & Stano (1990) argue that the conclusions of patient-
based studies do not contradict small areas studies that show morbidity to be 
unimportant, as aggregate behaviour may differ from individual behaviour. It was 
assumed for this study that the gender-age standardization of MVT rates has 
accounted for most of the (unknown) variations in the prevalence of otitis media 
across Ontario, although the possibility that morbidity is partly responsible for the 
unexplained variation in standardized MVT rates across the counties of Ontario 
cannot be entirely ruled out. Alternative explanations for MVT rate variations 
have therefore been sought in this study, and are discussed below. 
8.4.1 Influence of physician supply on MVT rate variations 
8.4.1.1 Relationships between supply variables and surgical rates 
The results of this study show that ENT surgeon rates and paediatrician 
rates are significant detenninants of standardized MVT rate variations across the 
counties of Ontario. Higher standardized MVT rates are expected when the rate of 
ENT surgeons is lower, and when the rate of paediatricians is higher. 
Evidence concerning the relationship between physician availability 
(supply) and hospital use is equivocal. Positive relationships between the supply 
of physicians and rates of surgery have been found in several studies including 
those of Lewis (1969), Wennberg & Gittelsohn (1973, 1982), Stockwell & Vayda 
(1979), Roos & Roos (1982), Wilson & Tedeschi (1984), and Vayda et al. (1984). 
However, other studies have not been able to establish such relationships. For 
example, Roos et al. (1977) did not find any relationship between the numbers of 
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surgeons perfonning tonsillectomies and tonsillectomy rate variations In 
Manitoba, nor did Roos (1984) in a study of hysterectomy rates, again In 
Manitoba. Wennberg & Gittelsohn (1982) showed that numbers of gynaecologists 
were equal in areas that differed substantially in the hysterectomy rate. Bisset & 
Russell (1994), in a study of MVT rate variation across Scotland's 15 health 
boards, found no significant association between surgical rate and the number of 
otolaryngologists per head of population (although the correlation coefficient was 
negative in sign). 
Wright et al. (1999) found no association between orthopaedic surgeon 
supply or referring physician availability and inter-county variations in a 
multivariate study of rates of knee replacement across the 49 counties of Ontario. 
The difference may be due to two possible reasons. One possibility is that the 
difference reflects the use by Wright et al. of both physician supply variables and 
other health care resource variables, in particular, the number of beds per head of 
population (cf: this study, which did not use bed numbers). Stockwell & Vayda 
(1979) point 'out that supplies of beds and physicians may be partial surrogates of 
each other, and could be confounding variables when both measures are used. A 
second possibility is that it reflects, in unknown ways, the different dynamics 
between physician supply and surgical rates for two quite different procedures 
(e.g. Clark 1990; Blais 1993). 
Some research has generated results showing negative relationships 
between rates and physician supply. For example, Mindell et al. (1982) found 
negative relationships between physician supply and surgical rates, and 
McLaughlin et al. (1989) reported negative relations between the surgical 
discharge rate and both physicians per capita and specialists per capita for hospital 
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market areas in Michigan, although these were correlations and the physician 
variables were not actually significant in the subsequent multivariate analysis. 
Wilson & Tedeschi (1984) showed that surgical discharge rates were positively 
correlated with surgeon availability but correlated in a negative fashion with non-
surgical physician availability. 
The results of this study contrast with those of Black (1995), who studied 
geographical variations in the use of surgery for glue ear (myringotomy) in health 
regions and health districts of England. The availability of ENT specialists 
positively influenced the surgical rate at the smaller district level, but not at the 
larger health region level. Unfortunately, however, Black did not report the level 
of significance of the association, nor any other details of the relationship, and a 
more meaningful comparison cannot be made. 
Wennberg & Gittelsohn (1973) found in a study of Vermont's hospital 
areas positive correlations between surgeon numbers and several surgical 
procedures of varying complexity (with an overall correlation for all procedures of 
0.64). The correlations with non-surgical physicians, however, were negative. 
Wilson & Tedeschi (1984), in a useful study of the explanation of non-obstetrical 
hospital use in the Lower Peninsula of Michigan, examined the effects of socio-
economic and supply variables. The age-adjusted surgical discharge rate was 
found to be positively associated with the rate of surgeons per 10,000 persons, and 
negatively associated with the rate of medical doctors (including paediatricians, 
GPs, and family doctors). Escarce (1993), studying the effect of a range of socio-
economic and (patient) demographic factors on cataract surgery rates, reported 
negative relationships between ophthalmologist supply and cataract surgery, and 
also between general physician supply and surgical rates. 
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The positive relationship between paediatricians (as referring, non-surgical 
physicians) and MVT rates is at odds with the negative relationship reported 
between non-surgical physicians and surgical rates by Wilson & Tedeschi (1984), 
but supports the negative relationship between primary care physicians and 
cataract surgery rates of Escarce (1993). The negative relationship between ENT 
surgeon supply and MVT rate found in this study contradicts the positive 
associations between surgeon availability and surgical rates reported generally 
reported in the literature, and supports the negative relationships reported by 
Halliday and Le Riche (1987), Escarce (1993), and the supply-rate relationship 
found by Stockwell and Vayda (1979) when the effect of medical school counties 
was examined. 
8.4.1.2 Importance of physician supply variables to SA V 
Stockwell & Vayda (1979), in their study of variations in rates of five 
different surgical procedures across the 49 counties of Ontario, found an overall 
positive relationship between the surgical rates and resources (although the 
relationship was reversed in medical school counties as discussed further below). 
Overall, bed availability was the most important variable, explaining about 50 % 
of the surgical rate variation. The percent variation explained by the rate of 
specialists did not exceed 13 % for hysterectomies, cholecystectomies, 
tonsillectomies, and colectomies, although reached 47 % for appendectomies. 
However, Stockwell & Vayda point out that the supplies of beds and physicians 
may be partial surrogates of each other; therefore, it may be that their calculated 
levels of explanation of rate variation afforded by the rate of specialists are 
underestimated. In comparison, in this study, around 30 % of the explained 
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variation in standardized MVT rate (across the 35 counties to which the regression 
model applies) is attributable to the combined effects of the supply of 
paediatricians and supply of ENT surgeons. Controlling for the other significant 
variables, paediatrician rate explains around 15 % of the MVT rate variation, and 
ENT surgeon supply accounts for around 13 %. 
These values are not dissimilar to those of Vayda et al. (1984), who, using 
stepwise regression, reported that 7 % of the variation in the rates for 
tonsillectomy/adenoidectomy across the counties of Ontario was explained by 
health care resources, as was 14 % for prostatectomy, 26 % for appendectomy, 
and 10 % or less for the other operations studied. As "health care resources" in 
their study comprised the two variables of hospital beds per 1000 population and 
number of surgeons per 100,000 population, these percentage figures represent 
upper bounds for the explanation of surgical rates by surgeon supply. Halliday & 
Le Riche (1987) examined the role of patient factors, physician characteristics, 
and hospital factors on surgical rate variation across Alberta for 14 different 
procedures. Similarly using stepwise regression, they reported differing levels of 
explanation of surgical rates by surgeon availability, from 0 % to 36 %, depending 
on the procedure. Surgical rates were negatively associated with the number of 
surgeons perfonning each procedure for nine of the 14 procedures, positively 
associated for three, and not significantly related for the remaining two. 
Therefore, the importance of ENT surgeon supply variation to MVT rates 
is similar in magnitude to the importance of surgeon availability to rate variations 
for other surgical procedures as documented, including those across Ontario as 
found by Stocl\well & Vayda (1979) and Vayda et al. (1984). 
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8.4.1.3 Explanation of relationships 
The negative relationship found between ENT surgeon supply and MVT 
rates may be because the counties with lower ENT surgeon rates are the same 
counties whose surgeons have higher propensities for, and lower thresholds of, 
performing surgery. However, this is unlikely given the regression modelling 
used, and bivariate scattergraphs show no relationship between ENT surgeon 
opinion variables and the rate of ENT surgeons by county. A more likely 
explanation is the effect of university medical teaching centres (medical schools) 
in some counties (Stockwell & Vayda 1979; Vayda et al. 1984; Halliday & Le 
Riche 1987; Blais 1993). Five counties have university teaching centres and 
associated teaching hospitals: Ottawa (University of Ottawa); Hamilton-Went 
(McMaster University); Toronto Metropolitan (University of Toronto); Frontenac 
(Queen's University); and Middlesex (University of Western Ontario). Stockwell 
& Vayda (1979) found that in the counties containing university teaching centres, 
physician rates (and beds) were higher than average but there were relatively 
fewer surgical procedures performed than in most non-teaching centre counties. 
This conclusion was confirmed in the subsequent study by Vayda et al. (1984). 
This apparent paradox was contrary to the trend between resources and surgical 
rates for the non-teaching centre counties, and was explained in terms of "referral 
counties" and "referring counties". A referral county was defined by Vayda et al. 
as one where the number of operations undergone by the residents of such a 
county was less than the number of operations performed in that county. 
Conversely, a referring county was defined where the number of operations 
undergone by the residents of the county was more than the number of operations 
performed in that county. 
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Vayda et al. (1984) found that the fi ve teaching centre counties were 
referral counties and had the highest rates of surgeons per population and beds in 
the province and low rates of surgery; that 15 counties were referring counties and 
were close to teaching centre counties with medical schools or larger urban 
centres, and which had low rates of specialists and beds; and that the remainder 
(24 counties) were essentially in equilibrium. The surgical procedures studied 
included tonsillectomy/adenoidectomy, cholecystectomy, appendectomy, 
mastectomy, and colectomy. Given the pattern for these operations, whereby 
almost a full half of the counties were classed as either referring or referral 
counties, the same may apply to MVT surgery. This would envisage some 
counties being highly resourced in terms of ENT specialists, and acting as referral 
counties for surrounding areas where surgeon availability was lower. These 
referral counties would be characterized by lower standardized MVT rates for 
their own residents. 
Figure 7 and the table in Appendix E show that three of the five counties 
with teaching centres (Ottawa, Toronto Metro, and Hamilton-Went) have 
significantly low standardized MVT rates compared with the provincial mean, and 
the other two have average rates. The areas with significantly lower MVT rates 
than the provincial average therefore, as indicated by Figure 7, are primarily the 
larger urban areas, some with or near medical schools. There are 15 counties with 
significantly higher rates concentrated in an arc around Toronto, Hamilton, and 
Peel metropolitan areas (from Northumberland county through Victoria, Durham, 
Simcoe, Dufferin, Grey, Wellington, Halton, and Waterloo) (Figure 14). The band 
also extends to the southwest also through counties Perth and Middlesex counties, 
which are contiguous with Middlesex county. Therefore, in this south-western 
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region of Ontario, most of the high-rate counties surround the teaching centres and 
larger urban areas that contain teaching hospitals. In the southeast, counties 
surrounding Ottawa and Kingston (Frontenac) have average MVT rates (Figure 
14). 
A test of medians for characteristic differences between the five teaching 
centre counties with the rest of the counties is also instructive. The standardized 
MVT rate is lower in teaching centre counties (595/1 00,000 versus 886/1 00,000, 
p=0.03); and the paediatrician rate is significantly higher (499/100,000 versus 
701100,000, p=0.0003); and the ENT surgeon rate as calculated is higher although 
not significantly so (2.5/100,000 versus 1.9/100,000, p=0.14). It should be noted, 
however, that because of the way the ENT surgeon rate has been calculated in this 
study (Chapter 5), it relates to the county of residence of the patient and not to the 
county of the location of the specialist's practice or hospital; therefore, the 
differential for ENT surgeon rate is probably in reality much greater in terms of 
where the specialist actually works and performs operations. The "crude" ENT 
surgeon rate, relating to the county of practice of the specialist, was therefore 
calculated and is significantly higher in the teaching centre counties (2.9/1 00,000 
versus 1.0/100,000, p=0.004). Therefore, there is strong geographical and 
statistical evidence for the idea that the teaching centre model of Vayda et al. 
(1984) may apply to supply-rate relations for MVT surgery. The high 
paediatrician rate in these low MVT rate teaching centre counties runs against the 
positive effect of paediatrician rate observed overall, but supports the negative 
association reported by Wilson & Tedeschi (1984) in w~ich the teaching status of 
hospitals was a significant determinant of surgical rates. 
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The potential reasons for lower MVT rates in the teaching centre counties 
include the possibilities of the conservative influence of the role of peer review 
(Vayda et al. 1984; Halliday & Le Riche 1987) which has been shown to reduce 
rates in tonsillectomy (e.g. Wennberg & Gittelsohn 1982); the lower capacity of 
referral counties to serve its own residents (Vayda et al. 1984; Blais 1993); and 
access to, and use of, alternative technologies and treatments for the presented 
condition (Blais 1993). Halliday & Le Riche (1987) discovered that for the 
surgical procedures more commonly performed (of which MVT would 
undoubtedly be one), patients in high-rate areas were more likely to have their 
surgery done outside their own hospital district than patients in low-rate areas. 
Blais points to the inconsistent nature of the relationship between physician 
supply and surgical rates, and comments that the "resources-rates relation" is 
probably specific to individual surgical procedures (e.g. Clark 1990). Indeed, the 
lack of correlation between the rates of the various surgical procedures in Blais's 
study suggests that each procedure has its own dynamics with respect to medical 
care resources, including those of physician supply. 
Blais (1993) makes an important point concerning the analysis of relations 
between surgical rates and resources. He suggests that such analyses should use 
indicators specific to the procedure(s) being investigated (e.g. Otolaryngologists 
for MVT), rather than on global variables such as the total number of surgeons 
regardless of specialism. Blais cited Roos et al. (1977) who showed that such 
specific measures of the physicians who are actually doing the procedures are 
more sensitive indicators, a point also made by Halliday & Le Riche (1987). On 
this basis, he suggested that such variables should be used in preference to more 
general (and more common) measures of resource when examining the 
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determinants of surgical rates. The physician supply variables measured and 
shown to be of significance in this study (paediatrician rate and ENT surgeon 
rates) are specific to the surgical procedure of interest (MVT). The results, 
therefore, should be reliable indications of the dynamics of physician supply and 
surgical rate for MVT, at least within the health care system in Ontario. Moreover, 
herein lies a likely explanation as to why the rate of GPs was not found to be a 
significant predictor of MVT rates-GPs represent an example of Blais's "global" 
measures of resource, and unlike paediatricians and ENT surgeons, have less 
specificity in respect of the condition of otitis media and its treatment, including 
MVT surgery. 
The results of this study are reasonably consistent with the relationships 
found by Stockwell & Vayda (1979) and Vayda et al. (1984) particularly in regard 
to the geographical pattern of low-rate and high-rate counties with relation to 
medical school counties. The negative relationship between ENT surgeons and 
MVT rates does not coincide with the overall positive relationship reported by 
Stockwell & Vayda. It should be noted, however, that Stockwell & Vayda limited 
their study to the influence of supply variables only, and it may have suffered due 
to other important variables being omitted. The study of Halliday & Le Riche 
(1987) had a more comprehensive suite of variables covering patient, physician, 
and hospital factors, and their discoveries of predominantly negative relationships 
between surgeon supply and surgical rate variation are supported by this study's 
results. 
The idea of low-rate resource-rich referral counties being surrounded by 
high-rate referring counties with respect to MVT is tentative, and should be more 
thoroughly examined in a research project focused on testing such an hypothesis. 
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More detailed infonnation that matched the county (or smaller area) in which the 
patient lived with the county (or smaller area) in which the MVT operation took 
place would be needed (e.g. Roos & Roos 1981; Vayda et al. 1984; Halliday & Le 
Riche 1987). This would allow both population-based surgical rates and hospital-
based surgical rates to be computed and compared. Also, data concerning whether 
or not the operation took place in a teaching hospital would be useful (e.g. 
Halliday & Le Riche 1987). Additionally, measures of the percentage of ENT 
surgeons and paediatricians who are affiliated with medical schools and teaching 
hospitals could be made (e.g. Wright et al. 1999), and used as variables to help 
explain MVT rate variation within Ontario. 
8.4.2 Influence of patient access 
Neither the waiting time for an ENT specialist consultation after referral 
nor the waiting time for surgery after consultation is significantly linked to 
variations in standardized MVT rates. Bisset & Russell (1994) found no 
association between MVT rates and the waiting time for operation over all 15 
Scottish Health Boards for 1990. Barriers to access were unrelated to 
hysterectomy rates in Roos's (1984) Manitoba study. However, McPherson et al. 
(1981) had earlier identified variables representing waiting time to be significantly 
related to surgical rates for various procedures, although their influence was 
subordinate to surgical/resource supply variables. 
8.4.3 Influence of physician demographics 
The results show that the percentage of North American-trained referring 
physicians, and the licence years of both ~eferring physicians and ENT specialists, 
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are significant determinants of standardized MVT rates. Higher MVT rates are 
expected in those counties that have higher proportions of referring physicians 
trained in North America, and in those where referring physicians and ENT 
surgeons were licensed less recently (i.e. where the physicians and ENT surgeons 
are more experienced/older). 
Previous studies with which to compare these results are limited in 
number, as is the amount of information concerning how these variables actually 
operate in influencing surgical rate variation. Halliday & Le Riche (1987) 
completed a comprehensive multivariate study on the effect of patient factors, 
physician characteristics, and hospital factors on surgical rate variation across 
Alberta for 14 different procedures. The physician characteristics included 
variables describing physician age, gender, place of training, internship, 
graduation and licensing. However, of these variables, only the place of training 
was marginally significant to surgical rates (explaining less than 4 % of the 
variation), and even then only for 4 of the 14 procedures studied. 
Wright et al. (1999), in a study of small area variations III knee 
replacement surgery in Ontario, examined the effects of a wide range of physician 
characteristics, including several demographic variables, on such variations. The 
demographic variables shown to be significant determinants of knee surgery rate 
variation were the percentage of referring physicians who were female, and the 
percentage of North American-trained referring physicians. Both variables had 
negative regression coefficients, which contrasts with the positive influence of 
North American-trained referring physicians on MVT rates reported here. Neither 
of the age-related variables (median age, year of graduation) was significant in the 
study of Wright et al. (1999). 
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Characteristics of obstetricians were found by Poma (1999) to influence 
caesarean deli very rates at a hospital in Chicago for the years 1994-1997. 
Although the number of obstetricians studied (18) was small, lower caesarean 
rates were significantly linked to younger obstetricians « 40 years old), 
obstetricians who graduated more recently (since 1990), obstetricians who 
graduated from a domestic medical school, and obstetricians in group practice 
(rather than solo). The finding of this study that lower standardized MVT rates are 
associated with younger, more recently qualified ENT specialists is in line with 
the equivalent result of Poma (1999). However, this study found no significant 
influence of the percentage of North American-trained ENT specialists on 
standardized MVT rates. 
The influence of the experience/age of referring physicians and ENT 
specialists, and the location of training of referring physicians, may be expected to 
reflect differences in training received and therefore differences in the nature of 
diagnosis, treatment and referral behaviour of physicians. However, these 
influential physician demographic variables appear to be unrelated to any of the 
referring physician opinion variables measured in this study (neither did Wright et 
al. (1999) find any relationship between North American-trained physicians and 
physician opinion). The exact ways in which these significant demographic 
variables operate, and what characteristics of referring physicians and ENT 
specialists they actually encapsulate that drive MVT rate variation, is an important 
topic for further research. This is especially the case given that the referring 
physician licence year and the percentage of referring physicians trained in North 
America are the predictors identified in this study as being the most highly-geared 
to standardized MVT rates. 
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8.4.4 Influence of physician opinion 
8.4.4.1 Physician practice style and SA V 
Discussion concerning physician opmlOn variation and uncertainty, 
without reference to SA V in MVT surgical rates, has been made above in section 
8.2, and now the relations with surgical rate variation are discussed. 
Physician practice style has been hypothesized in this study to influence 
surgical rate variations through variation in physicians' beliefs about the 
indications for referral, surgical intervention thresholds, the relative merits of 
alternative intervention options, and opinion differences about the benefits and 
risks of treatment. Of the six physician opinion variables used in this study, 
referring physician propensity to refer was a significant determinant of 
standardized MVT rates. Higher MVT rates are expected in those counties that 
have higher average physician propensities to refer. Referring physician 
propensity is the most important explanatory variable of standardized MVT rate in 
terms of the R-square contribution: On its own, it explains 17 % of the variation in 
standardized MVT rate, and when it is omitted from the preferred six-variable 
regression model, the R-square drops from 74 % to 42 %. No ENT specialist 
opinion variables were significant predictors of standardized MVT rates. Neither 
did referrers' or specialists' perceptions of the outcome of the operation affect 
standardized MVT rates. 
The literature has shown in a general sense that variations in surgical rates 
across areas are higher for procedures for which greater uncertainty exists 
regarding diagnosis and treatment (e.g. McPherson et al. 1982; Wennberg & 
Gittelsohn 1982; Roos et al. 1988; Wennberg 1990). However, Folland & Stano 
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(1990) criticized such studies on account of the lack of a fonnal method for 
categorizing procedures according to uncertainty, and on account of counter-
evidence that included low variation for procedures that did not have a clear 
medical consensus. They also suggested that, because practice style is a 
phenomenon that occurs on an indi vidual level, aggregating such style data to the 
level of small areas may "wash out" the role of practice style. Indeed, since their 
review, published research results have been equivocal concerning the role of 
practice style as a detenninant of surgical rates at the small area level. 
There have been a reasonable number of studies of the role of physician 
opinion in determining surgical rate variation. In some studies, the role of 
physician opinion or practice style has been inferred from unexplained surgical 
rate variation across areas (e.g. Wennberg & Gittelsohn 1982; Escarce 1993). 
Escarce (1993), for instance, inferred that there was little influence of physician 
practice style on cataract surgical rates, on the basis that the variation in surgical 
rates that had been "purged" for any effect of physician practice style showed only 
slightly lower variation than the actual observed rates. In other studies, inferences 
have been able to be made from proxy data. For example, Bisset & Russell (1994) 
found a bivariate correlation (marginally insignificant) of 0.50 between GP 
referral rates and myringotomy rates across Scotland's 15 health boards. 
Other studies have examined and explained the decline in the rate of a 
procedure after a system of second opinion, feedback or observation has been 
applied to a group of physicians (e.g. Dyck et al. 1977; and various studies 
reported in Wennberg's 1990 review). However, Green & Becker (1994) make the 
point that although such interventions' aimed at physicians in areas with high 
surgical rates may reduce those rates, it does not necessarily mean that physicians, 
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or their practice style or opinion or propensity to operate, detennined the original 
rates. 
8.4.4.2 Influence of physician practice style: multivariate studies 
Only two previous studies have employed multivariate approaches, either 
that uses actual physician opinion variables as well as other potential detenninants 
of surgical rates (Wright et al. 1999), or that exactly constrains the effect of 
practice style by properly controlling for other variables (Roos 1984). These are 
the best-constrained studies and with which the results of this research can be 
most appropriately compared. These studies use direct measured evidence or 
variables to represent physician opinion or practice style rather than relying on 
indirect evidence; and are focused on explaining rate variations for specific 
surgical procedures rather than general rates. 
Roos (1984) explained variation in hysterectomy rates in Manitoba's 33 
largest hospital areas using various patient and physician characteristics. A rating 
system for the propensity of the primary care physicians' patients to be given 
hysterectomies was developed by comparing the expected with the observed rates 
of hysterectomies in different physician practices having adjusted for various 
factors including inter-practice variations in patient characteristics. The primary 
care physicians included gynaecologists, general surgeons, GPs, and internists. 
The results indicated that gynaecologists and GPs were the most "hysterectomy-
prone" as they were the primary care physicians for practices with higher than 
expected hysterectomy rates. A logistic regression model showed that a woman 
having a primary physician who was a "hysterectomy-prone surgeon" had a 
higher chance than otherwise of having a hysterectomy (odds ratio of 1.6). In 
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addition, women who had such a surgeon as a primary physician were 2.8 times as 
likely to have a risk of dilation and curettage of the uterus as those women whose 
physician had a different practice style. 
The results of Roos (1984) identified surgeon propensity to operate, rather 
than GP referral propensity, to be of significance in the rate of hysterectomies. 
This differs from the results of this study in that the ENT surgeon's propensity to 
perform MVT is not related to MVT rates, whereas the referring physician's 
propensity to refer is significant. Roos noted that Manitoba has open access to 
specialists, and that patients of hysterectomy-prone surgeons were much less 
likely to be referred to their surgeons than were patients of primary physicians 
with other practice styles (7 % and 23 % respectively). Therefore, the referral rate 
for those specialists was very much lower than for the ENT specialists in this 
study, who need to be accessed via referral through GPs and paediatricians. Thus, 
the nature of referral decisions did not play a significant part in hysterectomy 
variation in Manitoba, whereas referral propensity was found to be a significant 
determinant of standardized MVT rates. It may be that by the time a patient is 
referred to an ENT specialist, the condition of the patient has reached a threshold 
whereby the propensity of the specialist to operate has little influence. Indeed, the 
physician survey results suggest that if children meet (or surpass) the referring 
physicians' criteria for referral, they also generally meet or exceed the criteria of 
the ENT specialist to perform the MVT procedure. One avenue of future research 
could be to compare children who are referred and operated on with those who are 
referred and not operated on, in order to show more detail about the relationships 
between referrers' criteria, surgeons' criteria, and surgical decision rates. 
192 
Wright et al. (1999) studied knee replacement surgical rates across the 49 
counties of Ontario using data from 1990 to 1995. Their study provides a very 
good comparator for the results of this study, as it used measures of physician 
opinion as variables to directly explain surgical rates, and it covered the same 
geographic area. They measured scores for referring physician propensity to refer 
for knee replacement and perception of surgical outcome, and for orthopaedic 
surgeon propensity to perform surgery and perception of outcome. The propensity 
scores were calculated using 34 patient characteristics (cf. 17 in this study); 
perception scores used ratings for 9 different outcomes (cf. 4 in this study). The 
method of calculating individual physician scores and aggregating the data to the 
county level was the same as used this study. Other variables employed included 
physician demographic variables, physician supply variables, and socio-economic 
variables. A stepwise regression procedure indicated that six variables were 
significant predictors of county-level standardized knee replacement surgery rates, 
one of which was the propensity of surgeons to operate (positively related). On its 
own, surgeon propensity to operate explained 27 % of the variance in surgical 
rates, but neither of the measures of referring physician opinion were significant 
determinants of surgical rates. 
The results of Wright et al. (1999) for referring physicians and surgeons 
contrast somewhat with the results for MVT variation. In this study, referring 
physician propensity to refer was found to be significant for standardized MVT 
rates, but surgeon propensity was not. It may be that differences in evaluative 
. criteria between referrers and surgeons for knee surgery are greater than those 
between referrers and surgeons for MVT surgery. Unfortunately, such 
comparative data are unavailable at the time of writing, but would be useful to test 
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this idea in the future. Any differences would likely reflect the different dynamics 
of the referral and surgical decision-making processes between the two 
procedures. These may include not only any differences in relative criteria for 
referral and surgery decision-making, but also possible differences in the 
distribution of patient numbers across physicians of varying practice styles (e.g., 
surgeons with higher propensities to operate may have more cases referred to 
them than surgeons with low propensities). Wright et aI. (1999) further found that 
orthopaedic surgeons' opinions cannot be ascribed or related to a particular 
demographic "group" of surgeons. That finding is supported here for MVT 
surgery in respect of ENT surgeons. 
Other aspects concerning relationships between referrals, operations, and 
the practice styles of both referring physicians and ENT surgeons would suit 
further research. One avenue of potentially fruitful investigation concerns relating 
physician opinion as assessed from the survey to actual referral patterns. Do GPs 
with stated higher propensities for referring actually have higher referring rates? 
And do surgeons with stated higher propensities for operating actually have higher 
operating rates (e.g. Wennberg et aI. 1997)? There is the possibility that individual 
surgeons may affect surgical rates in some areas by having an operating rate 
vastly above or below the average (e.g. Wennberg & Gittelsohn 1982; Bisset & 
Russell 1994). More detailed examination of case mix would be needed and 
measurement of ratios of the numbers of patients referred to the numbers of 
operations perfonned both at the individual surgeon level and at the county level. 
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8.4.5 Influence of population characteristics 
The population variable measured in this study (proportion of population 
aged < 10 years old) was not a significant determinant of standardized MVT rate, 
which indicates that there is no residual population "effect" after standardizing 
raw MVT rates for age. This contrasts with the study by Wright et al (1995) who 
found knee replacement surgery rates in Ontario counties changed in sympathy 
with higher proportions of residents in the age groups most at risk (> 60 years) of 
receiving the surgery, even after adjusting rates for age. 
8.4.6 Deprivation and MVT rate variation 
8.4.6.1 Summary of results 
In the first approach to examining the influence of deprivation on MVT 
rates, deprivation score was used as a predictor of county-level standardized MVT 
rate with all the other county-level variables including physician variables. 
Deprivation was not selected as a significant variable with the stepwise and 
backward elimination regression procedures used, and in fact was one of the 
poorest variables; the conclusion is that as a main effect, deprivation is not a 
significant determinant of standardized MVT rate at county level. This contrasts 
with Carstairs (1994), who reported that Scottish health boards with less 
deprivation were associated with higher MVT surgical rates (although it should be 
noted that Carstairs only used correlation analysis, not multivariate methods). 
A second approach involved "purging" the FSA-Ievel standardized MVT 
rate data for the influence of county variables, by obtaining the residuals of an 
analysis of variance of standardized MVT rate by county. The residuals were then 
regressed on deprivation score at the FSA level. The results of this were mixed. 
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Only five counties showed significant (but not strong) relationships between 
depri vation and residual standardized MVT rate for their FSAs, with four of these 
counties having negative slopes. Most relationships however were statistically 
insignificant. Overall, for the best-constrained counties having 10 or more FSAs, a 
regression of the residual standardized MVT rate on deprivation score using 
county as an indicator variable was statistically significant and produced an R-
square of 16.8 %. 
A third approach adjusted the county-level standardized MVT rates for 
deprivation differences between counties, by regressing FSA-Ievel standardized 
MVT rate on deprivation score for each county, to produce a deprivation-adjusted 
MVT rate for each county. The variation in these deprivation-adjusted MVT rates 
was found to actually exceed the variation in the standardized MVT rate. In 
addition, the average adjustment, as a percentage of standardized MVT rate, was 
just 6.5 %. These results suggest that the influence of deprivation on standardized 
MVT rate at the county level is negligible, and supports the finding from the first 
method described above. 
Overall, the slopes of the regressions of FSA-Ievel standardized MVT rate 
on deprivation score for each of 37 counties were mixed and not significantly 
different from zero. There were no relationships found between the slope of the 
regressions of FSA-Ievel standardized MVT rate on deprivation score, and the 
county-level variables, meaning that there were no interactions between those 
variables and deprivation score in explaining MVT rate variation at the FSA level. 
There was only suggestive evidence that the rate of ENT specialists may mediate 
the effect of depri vation on MVT rates. 
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In summary, the effect of deprivation on county level variations III 
standardized MVT· rate is insignificant; the effect on FSA level variations is 
overall not strong and is inconsistent across the counties; and there is scant 
evidence of interactions between physician variables and deprivation-rate 
relationship. 
8.4.6.2 Socio-economic influences on SA V in surgical rates: discussion 
Many studies have examined the role of socio-economic factors on SA V 
in surgical rates. Different findings have eventuated concerning the significance or 
otherwise of socio-economic influences, due to "contextual" reasons that include 
whether the surgical rates used were overall (gross) measures or procedure-
specific; the particular surgical procedure under examination; the location of the 
study; the data used by the study; the analytical methods employed; and the suite 
of explanatory variables used. The following paragraphs discuss previous 
findings, the contexts of those findings, and how the results of this study relate to 
those findings. 
Multivariate studies, or those that otherwise exhibit sufficient control for 
other variables, provide the most reliable evidence concerning the socio-economic 
influence on rates. Bombardier et al. (1977) found positive relations between 
income and surgical rates as assessed using multiple regression analysis of 37,000 
households interviewed for the 1970 Health Interview Survey in the US. Having 
controlled for race, residence, and education, they found that higher-income 
groups tended to have more operations than lower-income groups, although 
higher-educated groups also tended to 'have fewer operations, showing a weak 
negative relation. Low-income groups had lower surgical rates in particular for the 
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"least necessary" procedures. Bombardier et al. used patient interview data, and 
did not use any physician supply variables, nor did they attempt to account for 
potential differences caused by spatial variations in physician practice style. In 
addition, they used gross surgical rates, and although a group of 11 procedures 
was examined separately, no procedure was examined on its own. The problems 
concerning these gross or global measures of utilization (e.g. Blais 1993) have 
already been discussed in section 8.4.1. Other studies that have used overall 
surgical rates in a multivariate study include Wilson & Tedeschi (1984) who 
found surgical discharge rates to be positively associated with income 
(multivariate analysis of socio-economic factors and medical care supply 
variables); and McLaughlin et al. (1989) who used overall surgical discharge rates 
in a study of 68 counties and 60 hospital market areas in Michigan. 
Using multiple regression analysis, McLaughlin et al. (1989) found that 
the percentage of the population achieving college education was the only 
significant (and negative) determinant of surgical discharge rate, although when 
each of the other socio-economic variables (including unemployment and income 
variables) were substituted in its place, they in tum were significant, showing 
problems of multicollinearity. Other difficulties of interpretation included the 
overall surgical rate comprising both elective and "necessary" surgical 
procedures: the influence of education-related variables was difficult to extract 
and interpret, as part of the surgical signature (elective surgery) would likely be 
expected to be positively related to this variable (better educated people can afford 
discretionary surgery), but negatively related to necessary surgery (better educated 
people tend to have higher incomes and stay in better health). 
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Studies that have included examination of the influence of socio-economic 
factors on surgical rates for specific surgical procedures include those of Gould et 
al. (1989), Escarce (1993), and Wright et al. (1999). Gould et al. (1989) reported 
that socio-economic status (as measured by median family income) showed a 
consistent and significant positive relation with the rate of caesarean section in 
Los Angeles county for 1982-1983. The relation was controlled for maternal age, 
parity, birth weight, and racial and ethnic grouping. Although the limitations of 
the birth-certificate data used were acknowledged, the sample size was large (over 
240,000 subjects). However, no variables concerning medical care supply 
variations, or physician practice style, were included: it is quite conceivable that 
patients of different socio-economic status and ethnicity would choose, or 
otherwise use, primary care physicians with quite different practice styles on 
average, which could explain a proportion of the measured variation in caesarean 
rates. 
In contrast, Wright et al. (1999) used a suite of variables to examine the 
factors that determined variations in knee replacement surgery across the counties 
of Ontario. Variables included measures of medical care supply, physician 
practice style, physician demographics, patient demographics, and socio-
economic characteristics of patients including education and income variables. 
Stepwise multiple regression showed that patient demographics and physician 
characteristics were significant predictors of surgical rate, but neither the 
education nor income variables were significant determinants. The study of 
Wright et al. (1999) stands out from other studies, on account of its suite of 
variables that cover most of the potential determinants of SA V in knee 
replacement surgical rate and which have been analyzed using multivariate 
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methods, thereby controlling for effects between explanatory variables. However, 
Wright et al. acknowledge that the explanatory variable "missing" in their study is 
that of "patient preference", which would probably explain some of the residual 
variance (although Wright et al. argued that a proportion of "patient preference" is 
in fact driven by the information given to the patient by the physician and is 
therefore at least partly a function of physician practice style). 
The results of this study support previous findings in Canadian provinces 
that income or other measures of economic well-being or deprivation do not 
influence SA V in surgical rates. Canadians have universal health care insurance, 
with no deductibles restricting access to surgery, and therefore differences in 
surgical rates can not be attributed to differentials in ability to pay for surgery. 
However, there may be other personal economic factors that may affect access, 
such as loss of income during convalescence, and financial/time costs in travelling 
to and from specialist appointments and surgical operations (e.g. Roos & Roos 
1992). Several studies based on US data at a variety of spatial scales of variation, 
as discussed, have shown income to be positively related to surgical rates, 
particularly those that are elective in nature. This result reflects primarily the 
differences between the insurance and health care schemes of the two countries, 
US and Canada. 
Previous studies that have found relations between socio-economic 
variables and surgical rates have not measured variables representing variations in 
physician practice style or physician demographics. Both sets of variables have 
been shown to be significant determinants of surgical rates in Wright et al. (1999) 
and in this study, neither of which found socio-economic factors to be significant 
when analyzed together with physician variables. Future studies of socio-
200 
econoJlllc influences on surgical rates should necessarily include measures of 
physician practice style and demographic characteristics as part of the suite of 
explanatory variables used. Only then can the real effect of socio-economic 
variations on surgical rates be properly assessed. This would be particularly 
interesting in a region where income was more likely to be a strong factor in 
health consumption than is the case in Canada. 
The minor effect of socio-economic status on FSA-Ievel MVT rates found 
in this study may reflect the possibility that socio-economic differences do not 
significantly influence parents' attitudes toward, and opinions of, the potential 
benefits of MVT surgical intervention. An alternative explanation involves the 
evaluative criteria of physicians for MVT surgery. Parental concerns rank less 
highly than other patient characteristics in terms of ranked criteria for referring 
physicians and ENT surgeons, as shown by the data presented in Table 9. 
Therefore, the fact that parental concerns do not seem to be rated particularly 
highly by physicians, compared with other criteria, may help explain the lack of a 
socio-economic signal in physician decision-making and therefore in MVT rate 
variation. The lack of interaction between physician opinion variables and 
deprivation also indicates that differences in practice style or clinical management 
are not related to any "social congruity" between physicians and patients (or in 
this case, parents of patients) of relatively high social socio-economic status (e.g. 
Gould et al. 1989). Future research could be directed at assessing other variables 
that measure different dimensions of socio-economic status than the deprivation 
index used here (which is based mainly on economic variables). In particular, 
education variaples may be more closely related to parental attitudes of the 
benefits/risks of surgical intervention than economic variables. Education 
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variables have generally exhibited positive relations with surgical rates in 
previous studies. It would be enlightening to test whether such education variables 
were significant predictors of MVT rates either as main effects or by interaction 
with physician variables. 
Differences between counties in the deprivation-rate relationship at the 
FSA level are apparently not related to any of the physician variables measured in 
this study, as no interactions proved significant. Some individual counties (e.g. 
Toronto Metropolitan) exhibited reasonable relations between deprivation and the 
residual standardized MVT rate at the FSA level. Toronto Metropolitan is the 
best-constrained county as it contains 93 FSAs, so the negative trend exhibited 
(Figure 18) showing that less deprived areas have lower standardized MVT rates 
is a reliable one. Hay (1988) has previously shown that Canadians with higher 
income have better health, which is consistent with the result of Figure 18. An 
alternative explanation could be that that "patient preference" is operating in such 
a way that parents in higher socio-economic groups are disproportionately 
choosing alternative treatments to MVT surgery for their children. A comparison 
of the relations between otitis media rates and deprivation score in respect of the 
MVT-deprivation relationship would indicate whether this was in fact so. 
Previous studies that have found a positive relation between income and 
surgical rates have been based in areas or countries where, unlike Canada, 
differentials in income (or insurance status) among patients affect utilization as 
the health system is privatized or partly privatized. However, many counties 
exhibit no relationship between deprivation score and standardized MVT rate for 
their FSAs. This could partly be a function of the number of data, as the best-
constrained significant relationships are those for Metro Toronto (93 FSAs), Peel 
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(29 FSAs), and York (24 FSAs), all negatively related to standardized MVT rate. 
Notwithstanding this, further research is needed and should be conducted at the 
FSA level, focusing on measuring additional variables that may help explain sub-
county level variation in standardized MVT rates. 
8.4.7 Geographic pattern of rate variation and comparisons 
between urban and rural areas 
The pattern of MVT rate variation across the counties of Ontario shows 
significant spatial autocorrelation. The areas that reported MVT rates significantly 
lower than average were predominantly in larger urban communities in southern 
Ontario, and the two most remote counties in the north of the province. The areas 
with rates higher than the provincial average were predominantly rural regions in 
the east of the province, and a band of 15 mainly rural counties surrounding the 
low-rate, urban areas. Apart from the two most remote counties, rural areas in the 
province are not underserved compared with urban areas, at least using actual 
MVT rates for residents as a measure. 
The strong geographical pattern of MVT rate variation is related mostly to 
urban-rural distinctions and the effect of medical school counties. However, the 
urban/rural status of a county (i.e. the urban or rural residence of patients) was not 
a significant predictor of MVT rate in this study. Rural counties, though, were 
found to differ from urban counties in several characteristics (which were shown 
using multivariate methods to be significant determinants of standardized MVT 
rate), including having lower paediatrician rates, higher percentages of referring 
physicians who trained in North America, and lower referring physicians' 
thresholds of referral. The difference in standardized MVT rates between urban 
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and rural areas therefore is probably a function of a combination of these 
disparities, but is 'mainly due to the differential in the percentage of referring 
physicians who trained in North America. A proportion of the urban-rural 
difference likely also reflects the influence of medical school counties on referral 
patterns as discussed in section 8.4.1. 
The analysis of urban-rural difference also exemplifies the need for 
multivariate approaches to explaining MVT rates. Several other variables 
measured in this study showed significant differences between urban and rural 
areas when tested in a univariate fashion (i.e. comparing median values one 
variable at a time); however, these other variables were shown not to be 
significantly related to MVT rate variation in the stepwise and backward multiple 
regression analyses. Halliday & Le Riche (1987), amongst others, have shown 
that univariate measures of association between predictor and dependent variables 
(correlations) or differences between groups (means or medians) can be unreliable 
indicators of relationships. Multivariate procedures when employed on the same 
data often give different results and are preferred given that the problems of 
confounding variables and inter-correlations are usually eliminated. 
Previous studies that have specifically examined ruraVurban differences 
and their relationship to surgical rates, are those of Bombardier et al. (1977), 
Halliday and Le Riche (1987), Cromwell et al. (1987), and Wright et al. (1999). 
Bombardier et al. (1977) examined differentials in surgical rates among different 
socio-economic groups and areas for the entire US for 1963 and 1970. They found 
that apparent rural-urban differences in surgical rates evaporated after adjusting 
for race and income differentials. Cromwell et al. (1987) examined various 
aspects of urban/rural differences in health care for Medicare hospital cases for 
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four states (Michigan, New Jersey, North Carolina, and Washington) for 1982. 
Surgical rates in urban area hospitals were consistently greater than in the rural 
hospitals, but the rates were hospital-based, not population-based. Therefore, 
without knowledge of the residence of patients, the authors were not able to 
calculate population-based rates, which would likely have reduced the observed 
urban-rural differential. Halliday & Le Riche (1987) found that although the 
urban/rural residence of the patient was a significant variable in explaining the 
variation in surgical rate of 4 of the 14 procedures studied, the partial regression 
coefficients were all less than -0.06, and the effect was minor compared with other 
variables studied. Wright et al. (1999) used the percentage of urban/rural 
residences in a county as a variable in explaining knee surgery variations, but the 
variable was insignificant in stepwise and best possible subsets regression 
analyses. 
The results of this study are consistent with the prevIOUS work that 
suggests urban/rural status of the patient is not a significant factor in surgical rate 
variation. Although there are differences in health care resources between urban 
and rural counties in Ontario (e.g. Chan 1999), these resource dif-ferentials are not 
reflected in lower surgical rates in rural areas. In fact, as shown, the low-rate 
counties are mainly urban, and the high-rate counties are mainly rural, likely 
signifying a "flow" of resources from urban to rural counties by inter-county 
patterns of referral. These referral patterns are largely driven by the relatively 
well-resourced medical schools and teaching hospitals, which are located in the 
larger urban areas and which attract patients from outlying areas. 
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8.5 EXPLAINED AND UNEXPLAINED VARIANCE IN SURGICAL RATES 
The degree of explanation of surgical rates afforded by explanatory 
variables is of importance, in terms of understanding the factors that contribute to 
explained variance. Table 40 presents information about independent variables 
and variance explanation both for this study and selected other multivariate 
studies. There is a variety of values of R2, depending on the surgical procedures 
studied, and on the variables actually measured. Also variable is the degree of 
explanation afforded by the exogenous variables (demographic, social, and 
economic characteristics of the population or patients) compared to the 
endogenous variables that include various characteristics of medical resource 
supply and physicians. The amount of variance in utilization not explained by 
exogenous variables (or, conversely, the amount explained by physician factors) is 
of interest economically, as it is the basis for estimates of welfare loss for surgical 
and medical utilization (Phelps & Parente 1990). In Chapter 9, an estimate of 
welfare loss is made for MVT utilization in Ontario using results from this study. 
One major variable type that has not been well studied to date is the role of 
patient preference in determining treatment. Measures of patient preference may 
explain at least part of the residual variance in most studies, and was the most 
important unmeasured potential predictor in the otherwise fully comprehensive 
study of Wright et al. (1999). 
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Table 40: Explanatory variables and R-square values for various surgical rates for selected multivariate studies. 
Study Procedure 
This stu<!y MVT 
Wright et al. 1999 Knee replacement 
Wilson & Tedeschi 1984 All surgical discharges 
McLaughlin et al. 1989 All surgical discharges 
Vayda et al. 1984 Various sur-gical 
Stockwell & Vayda 1979 Various surgical 
Phelps & Parente 1990 Various sur-gical 
Escarce 1993 Cataract surgery 
Halliday & Le Riche 1987 Various su!:gical 
Gargett 1999 MVT 
Significant or non-significant explanatory 
variables(l) 
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R2 (adj R2) 
0.75 (0.69) 
0.78 (0.74) 
0.66 
(0.39-0.56) 
0.07-0.26 
0.55-0.62 
0.20-0.95 
0.43 
0.05-0.54 
0.55 (0.54) 
Chapter 9: Implications and Conclusion 
9.1 IMPLICATIONS OF SIGNIFICANT SA V IN MVT UTILIZATION 
The geographical variations in standardized MVT rates across Ontario 
found in this study are significant and therefore warrant concern as a health care 
system issue. The identification of large regional variations in MVT rates raises 
concerns about the efficient use of scarce resources, and about access to care and 
appropriate treatment. With such large regional variation in MVT rates, there may 
be some jurisdictions where children are not receiving the care they need and 
other regions where MVT surgery may be over-utilized. Policies to equalize MVT 
rates across geographic areas would be based on the assumption that there is a 
"correct rate" of utilization, or that the current observed utilization variation is 
"too high" or "unwarranted", and would necessarily need to be aimed at altering 
inter-area variation in the significant determinants of MVT rate. 
The significant determinants of SA V in MVT rate across Ontario's 
counties are: one physician opinion variable (referring physician propensity to 
refer); three physician demographic variables (the proportion of North American-
trained referring physicians, and the licence year of referring physicians and ENT 
specialists respectively); and two physician supply variables (the rate of 
paediatricians per 100,000 children and the rate of ENT specialists per 100,000 
popUlation). In addition, socio-economic status as measured by deprivation level 
influences MVT rates at the FSA level in some counties. Therefore, there are 
several determinants of variation in standardized MVT rate, serving to make this a 
complicated topic area for policy makers. 
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9.1.1 Implications of physician opinion variation 
The fact that variations in physician opinion have been detected at the 
small area level (cf: Folland & Stano 1990), and are related to surgical rates, is of 
importance to policymakers, as it presents the possibility of reducing such rates by 
intervening to reduce variation in physician opinion. 
However, wide variation in MVT surgical rates across counties has 
apparently persisted despite the publication of the 1994 Clinical Practice 
Guidelines for Otitis Media in Children (Otitis Media Guideline Panel 1994), 
which describe as part of the recommendations the circumstances under which 
MVT should be performed in children (detailed in section 9.3.2.1 below). 
However, it may take several years for the diffusion of medical practice guidelines 
to occur (Detmer & Shortcliffe 1997), and any decreases in variation resulting 
from widespread adoption of such guidelines may not have occurred as at 1997, 
the end of the period of interest of this study. As a substantial proportion of the 
variation in standardized MVT rates is explainable in terms of variation in 
referring physician opinion, and this variable is potentially ,modifiable, further 
investment in the production and dissemination of information is probably 
justifiable regarding factors influencing physicians' referral decisions, and 
surgeons' decisions regarding MVT surgery. 
Although this study has shown that physician propensity to refer is a 
determinant of MVT rate variation, it is not clear what particular characteristics of 
physicians cause differences in referral behaviour. Variations in referral rates 
among GPs, practices, and geographic areas have been of interest to 
policymakers, who perceive such variations to hold financial implications (Wilkin 
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& Smith 1981; Crombie & Fleming 1988; Coulter 1998). Previous studies that 
have examined the referral behaviours of physicians (for a variety of specialties) 
have identified a number of factors associated with the likelihood of referral. They 
include the level of the physician's certainty of diagnosis (higher certainty, higher 
referral rate) (CaIman et al. (1992) and the stress of physician uncertainty (greater 
stress, higher referral rate) (Bachman & Freeborn 1999). However, O'Donnell 
(2000), in a comprehensive review paper, reported that practice and physician 
characteristics account for less than 10 % of the variation in referral rates. Given 
that physician characteristics may explain a relatively small proportion of referral 
rate variation among physicians, attempts to modify the referral behaviour of 
physicians may not be effective. Indeed, the available evidence suggests anyway 
that referral guidelines do not alter referral patterns or rates (Fertig et al. 1993; 
O'Donnell 2000). Moreover, assuming that physicians surveyed in this study with 
stated higher propensities do actually have higher referral rates, any reduction in 
referral rate variations among physicians would have to be exposed at the small 
area level to alter MVT rate variation. 
With that point in mind, it should be noted that a reduction in inter-area 
variations in physicians' practice style could also be achieved (in theory) without 
an overall reduction in overall variation, by redistributing physicians such that the 
average differences in practice style between small areas were small, even though 
within-area variations remained high. Therefore, policies and interventions could 
focus not only on reducing overall physician practice style variation if that were 
deemed important, but also the average style differences across areas. Besides the 
production and dissemination of clinical guidelines, other policies or interventions 
that have been designed and previously applied to reduce variation in physician 
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OpInIOn (physician practice style), and which could be applied to physicians, 
practices, or institutions, include peer review/feedback, utilization review, and 
continuing medical education. 
Further aspects of such issues that concern physician opinion variation, 
including the welfare loss associated with such variation, and the roles of 
information diffusion and medical guideline dissemination in influencing and 
reducing variation in physician practice style, are discussed in more detail further 
below in Sections 9.2 and 9.3. 
9.1.2 Implications of variations in physician supply and physician 
demographics 
The Canada Health Act aims to ensure access to medical care services for 
Canadians. Part of this aim involves ensuring a sufficient number of physicians to 
supply these services, and geographically distributing them to areas of need. 
Between the 1960s and the early 1990s, the supply of physicians in Canada 
increased as medical school places were increased in anticipation of rapid 
population increase. However, because the expected population increase did not 
eventuate, but the medical workforce continued to expand, the Banff Accord was 
instituted in 1992, in which it was agreed a 10 % reduction in medical school 
enrolments. In Ontario, additional measures included temporary restrictions put on 
new billing members for graduates from outside of Ontario between 1993-1996 
(Chan & Anderson 1996), and from 1997 to 1999, financial penalties were 
established to deter recent graduates from setting up practices in "over-serviced" 
urban areas. These policies have proved controversial, and physician groups have 
argued (perhaps not surprisingly) that more doctors are needed, and have 
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predicted serious physicians shortages in the next 10-20 years (e.g. Newton & 
Buskey 1998). 
The number of ENT specialists in Ontario declined by 6 % from 240 in 
1991/2 to 225 in 1997/8 (Chan 1999). It is unclear what effect this may have, or 
have had, on utilization rates. The supply of surgeons was found to be negatively 
related to MVT rates in this study, but an assumption of space-time substitution is 
required if changes in utilization rates were to be expected as a result of temporal 
changes in physician supply. Policies such as the ones described above could be 
used to encourage or discourage variation in physician supply on the basis of 
observed increases or decreases in MVT utilization in response to supply changes. 
However, as noted by Chan (1999), the major determinants of physician supply 
may ultimately be changing patient expectations and the willingness of the 
taxpayer to fund physician services. 
Perhaps of more concern than the overall physician supply is the 
geographic distribution of the supply. Policies that differentially affect physicians' 
fees or their location of practice by incentives or disincentives, could be used to 
modify geographic variations in physician supply. However, Chan (1999) notes 
that the disincentives for setting up practices in physician-rich urban areas have 
not appeared to work particularly well, as the teaching centre counties maintained 
their supply of physicians between 1991/2 and 1997/8, whereas the counties with 
the lowest physician supply in 1991/2 (Essex, Kent, and Lambton) had lost GPs 
and specialists by 1997/8. However, between 1991/2 and 1997/8, the north-
western and northern regions of Ontario received modest increases in GPs, 
possibly due to the incentives in place for GPs to work in rural practices. These 
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incenti ves for an individual GP amount to $10,000 per year under the 
Underserviced Area Program of Ontario (Chan 1999). 
As inter-areas differences in MVT surgical utilization have been shown to 
be partly a result of variation in the demographic characteristics of referring 
physicians and surgeons, implications stem from such variation. The average age 
of Ontario's physicians decreased between 199112 and 1997/8 (Chan 1999), with 
the percentage of physicians under the age of 35 decreasing from 16 to 11 % in 
the same period. This study found that more experienced referring physicians and 
ENT surgeons were associated with higher county-level standardized MVT rates. 
The implications of an ageing physician workforce could be an increase in 
surgical rates, if it is assumed that the age-rate trend reflects the fact that as 
physicians and surgeons become more experienced, they become more 
predisposed to referring and operating on patients. In addition, whether or not a 
referring physician was trained in North America appears to influence surgical 
rates, presumably reflected in referral behaviour difference compared with 
overseas-trained physicians. It is conceivable that such physician demographics 
are modifiable in at least three ways: One is by control of medical school 
enrolments; a second is by selective immigration of physicians of particular 
demographic characteristics; and a third is by the geographic redistribution of 
physicians of particular identified characteristics (for example, by financial 
incentives or disincentives). 
9.1.3 Implications of socio-economic variation 
It is important to determine whether socio-economic factors are 
determinants of utilization because these factors could have significant impact on 
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the type of policies that need to be adopted. For instance, if socio-economic 
influences are not important, and physician practice styles are assumed to be the 
primary determinant of variation, then policies should be geared towards 
monitoring, guideline development, and continuing education. If on the other 
hand variation were due to need variation according to socio-economic status, 
policies should be aimed at lowering the needs (McLaughlin et al. 1989). 
This study has shown that variations in relative deprivation across the 
counties are not significant predictors of MVT rate variation, and therefore 
utilization differences between subpopulations of different socio-economic status 
are negligible. Policy formulation is therefore not required at this level. However, 
at the FSA level, for three of the largest counties, there are defined trends of 
decreased utilization for higher socio-economic subpopulations. However, further 
research is necessary to reach firmer conclusions before policies are directed at 
altering such a distribution of utilization at the within-county level, should this be 
deemed necessary or desirable. 
9.1.4 Urban-rural differences 
The geographic pattern of MVT rate utilization shows high rates in the 
north-eastern counties and in the rural counties surrounding the larger urban 
centres in south Ontario. Almost all of the low MVT rate areas are urban centres 
or counties, and almost all the high-rate areas are rural counties. Therefore, the 
suggestion that rural areas are under-serviced is not supported by such data. Urban 
areas and teaching centre counties may be well supplied with resources, but due to 
the inter-county referral system postulated and discussed in this study, patients 
residing in such counties are less well served in terms of MVT surgery than are 
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the patients of surrounding counties. Exactly why this is, and it is the same for 
several other surgical procedures in Ontario (e.g. Vayda et al. 1984), remains 
uncertain. The difference is most likely associated with contrasting referral styles 
between urban and rural referring physicians (for, which there is evidence in this 
study). 
If it were deemed important to reduce the difference in utilization rates 
between urban and rural counties, policies should therefore be aimed not 
necessarily at urban/rural medical care resource differentials, but at altering the 
referral behaviour of physicians. This may be able to be achieved using the 
interventions concerning physician practice style as discussed further below in 
section 9.3. However, rural-based physicians do suffer from diminished access to 
information, and exposure to colleague consultation and informal exchange of 
data, compared with their urban and academic medical centre counterparts (e.g. 
AHCPR 1996). As physician practice style is closely connected to the availability 
and use of information (see section 9.3), improved information access for rural 
physicians may alter their practice style and consequently their referral behaviour. 
Certainly, this would require additional funding for physician attendance at 
collegial events such as meetings and conferences, and for ensuring that access to 
current electronic information technologies (e.g. medical information services, 
expert systems, and educational tools) is on a par with urban health care providers. 
9.2 WELFARE LOSSES IMPLICIT IN SAV 
Phelps and Parente (1990) measured the welfare losses resulting from the 
spatial variation in utilization rates of various medical and surgical procedures. 
The "W Index", a measurement of such welfare losses, was interpreted as the 
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expected gain from the elimination of variations in the utilization rate of the 
procedure. Phelps & Parente used multiple regression models using population, 
socio-demographic, and economic variables as predictors to explain utilization 
rate. These variables were viewed as exogenous, and the variation in utilization 
rate unexplained by these variables was interpreted as being attributable to 
differences in physician disagreement concerning the effectiveness or value of a 
procedure, and variation in other endogenous measures such as physician supply. 
It was this unexplained variation in utilization rates that was used to calculate 
welfare losses. It should ~e noted that such calculation of welfare losses 
associated with surgical rate variations assumes that there is a "correct rate" of 
utilization uniformly applicable to all regions. 
Phelps & Parente discussed several methodological issues that they 
suggest could bias results. Their first issue of concern is the fact that they had no 
direct measures of the prevalence of medical conditions to include as an 
explanatory variable in the regression analyses. Like many other authors on this 
topic, they do not believe that the unexplained utilization rate variation (i.e. the 
residual from the regression analysis) is completely due to unmeasured variations 
in prevalence of medical conditions. They do acknowledge however that if 
unmeasured differences in the prevalence of medical conditions exist across 
regions, the unexplained variation in utilization (due to medical uncertainty or 
disagreement) will be overstated, thus overestimating the welfare loss. 
Other methodological issues raised by Phelps and Parente (1990) may 
result in the welfare loss being underestimated. The methodology can only 
account for variation in inter-regional utilization rates Variation within a region is 
not taken into account, therefore the resulting welfare loss may be underestimated. 
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Phelps and Parente's (1990) analysis as described accounts only for procedures 
that are carried out on inpatients in hospitals. For some medical procedures 
outpatient care can be substituted for inpatient care. For such procedures the 
analysis would have to be adjusted to provide an accurate measure of welfare loss. 
The utilization rate of a procedure inclusive of both inpatients and outpatients 
treatments for the region would have to be employed. 
9.2.1 Welfare loss estimation for MVT rate variation in Ontario 
Phelps and Parente (1990) estimated welfare loss (W index) using the 
equation: 
W = 0.5 x ($$$) x CV2 X £ 
where 
W is the welfare loss in dollar terms, 
$$$ is the total spending on procedure/intervention of interest, 
CV is the coefficient of variation of unexplained utilization In the 
procedure/intervention of interest, 
£ is the inverse of elasticity of demand for hospital care, 
and 0.5 is a constant that corrects for the estimation of welfare loss by the addition 
of welfare loss triangles. 
Coyte et al. (1999) estimated the total costs of otitis media in Canada for 
the year 1994. Direct expenditures attributable to otitis media, that is, those 
associated with hospitals and other health care institutions, physicians and other 
health professionals, drugs, and research, totalled $470.7 million. Indirect 
expenditures (those associated with lost of productivity due to sickness and work 
loss of parents and other caregivers) were estimated at $140.3 million. However, 
these costs apply to the condition of otitis media, and not specifically to MVT 
treatment. Coyte et al. (1998) estimated the cost of MVT intervention for The 
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Hospital for Sick Children in Toronto. The estimate used health literature data 
combined with input from staff at the hospital. The totals costs per MVT case, 
including direct treatment and overhead costs, amounted to $455.63 (in 1994 
Canadian dollars). This value of $456 per operation is taken here for the purpose 
of calculation of welfare loss, although it does not include any component of 
indirect losses, and it is assumed that the cost per MVT case estimated by Coyte et 
al. for the Hospital for Sick Children applies equally to all other MVT 
interventions in Ontario over the time period of interest of this study. There were 
131,763 MVT hospital discharge records for patients < 20 years old from April 1 
1992 to March 31 1998. The total spending therefore, on MVT intervention over 
the six-year-Iong period of interest, is a multiplication of the total number of 
operations performed (131,763) by the cost per operation ($456), and amounts to 
$60,083,900. 
The CV of unexplained variation In MVT rates is calculated by 
multiplying the variance of the utilization by (1-R2), where (l_R2) is the 
proportion of the variance left unexplained, then obtaining the standard deviation 
of this variance of unexplained utilization and dividing by the mean (Phelps & 
Parente 1990). The unexplained utilization as used by Phelps & Parente was 
attributed to physician disagreement and medical care supply variables, with the 
explained component of utilization being a function of an array of demographic, 
social, and economic variables. Their aim was to explain variation due to these 
exogenous factors. The regression model summarized in Tables 30 and 31, which 
is the preferred regression model in this study for predicting MVT utilization 
across the counties of Ontario, represents the direct opposite of the approach of 
Phelps & Parente. This study has used physician variables to explain utilization 
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rate, and the explained variance in this study equates to Phelps & Parente's 
unexplained variance. This can be accommodated in the W index equation simply 
by calculating the CV of unexplained variation by multiplying the variance of the 
utilization not by (l-R2), but by R2 itself, thus: 
Yariance of utilization for MVT utilization = 13.41 
U 1 · d . 2 2 nexp ame vanance = 13.41 x (R ), where R = 0.74 (= "explained variance" 
from regression model reported in Table 30) = 13.41xO.74 = 9.923 
Standard deviation of unexplained variance = '1'10.06 = 3.150 
Mean rate = 7.36 per 10,000 persons < 20 years old 
CY = 3.1517.36 = 0.428 (and Cy2 = 0.183) 
No estimates of the magnitude of the elasticity of demand specifically for 
MYT procedures appear to have been made either for Canada or elsewhere. 
However, Phelps & Parente (1990) presented values of £ (inverse elasticity) for a 
wide variety of surgical procedures (their Table 2). The two most relevant 
categories to ~VT procedure are "Miscellaneous ear, nose, and throat operations" 
(£ = 8.32) and "Other ear, nose, and throat operations" (£ = 8.03). A value mid-
way between these two values of 8.15 has been taken for the purposes of 
calculating W for this study. 
Some discussion of the values of elasticity reported in Phelps & Parente 
(1990) is appropriate in terms of their applicability to estimating welfare loss in 
this study. They estimated values of elasticity for each grouping of surgical 
intervention by relying on the differences in rates of use by insured and uninsured 
parts of the population. They used a formula (reported in their appendix) that 
calculated the elasticity correctly only to a scalar constant (because they did not 
know the amount of insurance cover of insured individuals, and therefore did not 
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know the difference in marginal value between insured and uninsured patients). 
These estimated values of elasticity were brought to scale by using the demand 
elasticity for hospital care as found in the RAND health insurance experiment 
which examined the relationship between health care consumption and insurance 
level. The average demand elasticity for hospital care was 0.15 in the RAND 
study, and Phelps & Parente (1990) used the inverse of that figure (£ = 6.67) as 
the scaling factor for their values. The higher value (8.15) for £ for ear, nose and 
throat operations indicates that that group of procedures has lower elasticity than 
the average procedure. 
Phelps & Parente noted that elasticity of demand can vary with the extent 
of insurance coverage, such that individuals with better coverage would exhibit 
lower elasticity of demand. The RAND experiment used a mix of insurance 
coverage from full coverage to minimal coverage. Phelps & Parente's estimates of 
inverse elasticity therefore represent the average elasticity for a population with 
typical US insurance coverage. However, the typical Ontarian's insurance 
coverage would equate to full coverage given the universal insurance program in 
operation (the Ontario Health Insurance Plan). Therefore, the value for elasticity 
of 0.15 as the scaling factor used by Phelps & Parente for their US surgical 
procedures would likely be on the high side when applied to equivalent Canadian 
surgical procedures, £ would be consequently too low, and the calculated W index 
would as a result be underestimated. Therefore, the best estimate of welfare losses 
reported in Table 41 for MYT procedures in Ontario, using the value oft of8.15 
(elasticity = 0.123), probably actually constrains a lower bound on such losses. 
Table 41 presents the calculations of W. The best estimate for W for MVT 
procedures is that which uses the values of Cy2 and £ as outlined above, and 
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amounts to $44,800,000 (1994 Canadian dollars) over the six year period of 
interest, or around $7.5 Million per year. This figure equates to 74 % of the total 
spending on the procedure. The loss per procedure is $340, or 74 % of the total 
direct cost of each operation ($456). The only other available MVT -specific 
calculation with which to compare these figures is that of Gargett (1999), who 
calculated welfare losses of 128 % of the total spend for MVT operations in 
Queensland, Australia, for 1993-1994. The two surgical procedure categories of 
"miscellaneous ear, nose, and throat operations" and "other ear, nose, and throat 
operations" in Phelps & Parente (1990) had welfare losses of 30 % and 18 % 
respectively, but these categories contain an array of different surgical procedures 
besides MYT operations. 
Also shown in Table 41 is a calculation of the value of W when R 2 = 
0.324, which is the reduction in R2 when referring physician propensity is 
removed from the regression model (Table 32). As such, 43 % of the total welfare 
loss (equivalent to 32 % of the actual total spending on the procedure) is 
associated with variation in referring physicians' opinion. 
Table 41: Calculations of welfare losses for unexplained utilization of MVT 
procedure in Ontario. 
Total spend W Loss per Cy2 procedure Estimate ($) E ($) ($) 
Best estimate 0.183 60,083,900 8.15 44,800,000 340.0 
R2 0.32(1) 0.079 60,083,900 8.15 19,343,000 147.0 
Note: All $ values are 1994 CanadIan dOllCfs. . . . . 
(1) This value represents the reduction in R when physI.c~an propenSIty to refer IS 
dropped from the regression model explaining MYT utIhzatIOn. 
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9.2.2 Reducing losses by investing in information production, 
diffusion, and dissemination 
9.2.2.1 Information production 
Phelps & Parente (1990) have shown that there are high returns to be made 
in producing knowledge and information about treatment efficacy. Welfare losses 
resulting from physician uncertainty exceed the costs of producing and 
disseminating information about proper methods of treating illnesses by one or 
two orders of magnitude according to their figures. They concluded that the 
probable cost of a systematic research study that results in an improved 
understanding of how and when to surgically intervene, and the removal of 
inappropriate uses of surgical interventions, would be far outweighed by welfare 
gains. Additionally, information gleaned from such a study endures for many 
years, and therefore generates welfare gains on an annual basis. However, Phelps 
(1992) points out that the current legal system, in which there are no intellectual 
property rights to treatment strategies, encourages an underproduction of efforts to 
generate and utilize information concerning treatment efficacy, despite the high 
returns to be gained from such efforts. 
The factor related to small area variation in MVT rate in this study that is 
potentially most amenable to intervention and modification is variation in 
referring physician opinion. It is responsible for around $3.8 Million per year in 
welfare losses for MVT procedures in Ontario. Data from the Ontario Health 
Insurance Plan database from which the rates of complications and repeat 
procedures could be measured, could provide information about outcomes of 
medical interventions aimed at reducing variation in the referral propensity of 
physicians. Such interventions could take the form of the construction and 
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dissemination of guidelines concerning diagnosis and treatment of otitis media , 
including the circumstances under which patients should be referred to surgeons, 
and also the circumstances under which MVT should be performed by surgeons. 
The most recent issuance of such guidelines was the publication of the 1994 
clinical practice guidelines for otitis media in children (Otitis Media Guideline 
Panel 1994); however, it is not yet known whether, or how, this has affected 
clinical practice or MVT utilization. 
Investment should also be made into research concerning the relationships 
between physician practice style and physician demographic characteristics. The 
physicians' place of training (and therefore, presumably, the type of training) 
appears to have a significant effect on rate variation, as does the experience/age of 
physicians. Although these demographic variables were not associated to 
measures of physician practice style (opinion) in this study, they must be 
capturing some aspects or characteristics of physicians that influence referral 
decision-making and surgical intervention decision-making. Information 
concerning what these characteristics are would be useful as they may be 
modifiable and therefore welfare losses could be reduced. 
The production and dissemination of treatment strategies occurs primarily 
via publications in medical journals, and hence such strategies exist in the public 
domain as a "public good." Phelps (1992) believes that information regarding 
medical treatments is under-produced as a result, and sees merit in allowing 
physicians to patent treatment strategies, which in his opinion would " ... enhance 
the normal competitive forces for production and dissemination of information 
about treatment efficacy." (p.40) by providing the incentives normally associated 
with property rights. 
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9.2.2.2 Information diffusion 
Diffusion of information is the spread of information as measured by 
breadth, depth, and usefulness. There are many sources of information available to 
physicians, including academic literature (medical journals and textbooks), 
clinical guidelines, electronic medical information systems, the internet, decision 
support systems, continuing education, peer review/feedback, and utilization 
review (AHCPR 1996). 
The traditional centre-periphery model of diffusion of innovative ideas 
among professionals may not be entirely appropriate in the medical realm. 
Anderson. & Jay (1985) analyzed the network of professional relationships among 
24 physicians working in a group practice. They found four groups of physicians 
who could be identified relationally in terms of the patterns of patient referrals, 
consultations, discussions, and other clinical, communicational, or administrative 
aspects within the network. This relational structure, where multiple subgroups of 
physicians initiate referrals, discussions, and consultations differentially with 
physicians of other subgroups, appeared to have a significant influence on the 
adoption and utilization of information and new ideas. Therefore, patterns and 
processes of information diffusion and dissemination through physician networks 
need to be better understood if more efficient diffusion of medical information is 
to occur. This is particularly so, given that physicians' colleagues are generally 
perceived by the physicians themselves to be one of the most important 
sources/channels of new information, and given so that physicians with wider 
networks are more likely to be early adopters of innovative treatment strategies 
(e.g. Fiset & Grimbowski 1997). Given these points, it would seem that 
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encouragement of physician contact by meetings, conferences, and other methods 
of widening physicians' professional networks, may enhance the diffusion and 
adoption of innovations in treatment strategies and clinical management. 
The usual time-scale for diffusion of new medical knowledge to 
physicians is several years (Detmer & Shortcliffe 1997). Barriers to such diffusion 
include lack of quick access to information resources, ignorance of the availability 
of relevant information, and the limited time available to physicians for inquiry 
(e.g. AHCPR 1996). The slow rate of medical knowledge diffusion is also 
compounded by the vast numbers of articles published in medical journals, some 
360,000 per year as reported by Detmer & Shortcliffe (1997), which is 
contributing to "information overload" for physicians (AHCPR 1996; Hunt & 
Newman 1997). Given this explosion in the number of such pUblications, the 
difficulty of keeping abreast of the latest ideas and advances concerning treatment 
strategies is great. Different types of physicians (for example, the "seekers", 
"receptives", "traditionalists", and "pragmatists" ofWyszewianski & Green 2000) 
respond in contrasting ways to new information about the efficacies of treatment 
strategies, and there is thus scope for differences in practice style among 
physicians to emerge or be exaggerated as information overload increases. 
Detmer & Shortcliffe (1997) suggest that barriers to information diffusion 
could be largely overcome by using appropriate combinations of medical 
information content, information science, and information technologies. The 
information needed by physicians includes the published medical literature, expert 
summaries (e.g. texts, guidelines), information about tests on medications and 
diagnostics, saf~ty alerts (Detmer & Shortcliffe 1997; Gawande & Bates 2000). 
Information science methods must then be applied to solve problems such as 
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content structuring, optimal retrieval, query efficiency, the development of 
interactive knowledge-based searches and query interfaces, and multi-source 
information integration. Finally, the content must be delivered to the desktops of 
practicing physicians, usmg appropriate information technologies: the 
development of wide area networks, intranets, and the world wide web, have 
enabled substantial progress to be made in the ease of access to medical 
information. 
Detmer & Shortcliffe (1997) cite three examples of such systems: 
Webmedline (internet-based medical literature search); Cliniweb (database of the 
best Web medical resources); and DXplain (diagnostic decision support system). 
MedWeaver integrates the literature search, Web search, and patient diagnosis 
systems of these three examples. Such systems are necessarily aimed at improving 
physicians' decision-making and clinical effectiveness (Gawande & Bates 2000). 
Such systems may be able to satisfy physicians' information needs, and assist in 
the knowledge diffusion problem in several ways. Universal, speedy, and simple 
access to medical information is now afforded by the Internet, and barriers such as 
retrieval system complexity are fast disappearing with the advent of user-friendly 
interfaces. The available information is now more current: Digital information, 
available online, is replacing textbooks and other printed sources. In addition, 
information from disparate multiple sources can be brought together and 
integrated far more easily than with manual methods. However, although medical 
journals and electronic information systems may have enhanced the efficiency of 
information diffusion, questions remain about at least two issues. One is the 
possibility of information access disparities actually increasing due to the 
maintenance or development of resource and funding differentials among 
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physicians, practices, and institutions. And a second is the extent to which new 
medical information may be adopted, and physician behaviour changed (i.e. 
disagreement and uncertainty about diagnosis and treatment reduced), as a result 
of such information and technologies. AHCPR (1996) believes that the health care 
environment presents complex challenges to public agencies, institutions and 
organizations who wish to modify physician behaviour via information 
dissemination. 
9.3 PHYSICIAN PRACTICE STYLE 
9.3.1 Physician practice style variation and production function 
uncertainty 
Surgical utilization variations across small areas in part represent 
uncertainties about the production functions that relate the quantity of physician 
care inputs to health outcomes. Folland & Stano (1989) define physician practice 
style as the adoption of a given production function. At the individual physician 
level, the physician must decide, for a particular patient, which production 
function of many represents best practice, based on experience, training, medical 
scientific information, and discussion with colleagues. This study has reported 
considerable uncertainty among physicians concerning the production function of 
best practice for otitis media treatment, specifically in terms of the use of MVT 
surgical intervention as a treatment strategy. 
Assessments of patient indications, and the treatment(s) recommended, are 
based on the status of knowledge and understanding of the condition, and on the 
diffusion of that knowledge throughout the medical community. However, exactly 
how variations occur in physicians' acquisition of such knowledge of treatments 
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and their relative efficacies, and therefore how variations in practice style arise, is 
not clear (e.g. Gerrity et al. 1990; Phelps 1992). Certainly, a proportion of practice 
style variation among physicians is due to physician uncertainty concerning 
diagnosis and treatment strategies (e.g. Gerrity et al. 1990; Rizzo 1993). 
However, for practice style variations to be manifest at the small area 
level, inter-area average practice styles must exist. Phelps (1992) suggests several 
reasons why such inter-area variations may arise and persist. New interventions 
commonly are introduced on the basis of small-sample tests, and natural 
variability in the outcomes of such tests may lead to some physicians or 
communities of physicians adopting the new intervention, and some rejecting it. 
Moreover, physicians who are more predisposed to accepting new treatments may 
not reject the hypothesis that the new intervention is better than existing ones, 
simply because of the minimal amount of evidence available for them to evaluate 
(Phelps 1992). Having adopted a particular treatment or practice style, a 
community will persist in using it. A local "school" may thus emerge with 
particular beliefs about the efficacy of a treatment strategy or surgical procedure, 
and with an aggregated pattern of practice that is different from other areas. 
Moreover, Phelps argues that as medical care is generally a local service industry, 
market forces do not eliminate inefficient modes of production, hence such modes 
(and the inter-area differences in practice style created by them) may show 
persistence over time. 
9.3.2 Adoption of best practice 
This study has found differences III practice style among physicians 
concerned with the treatment of otitis media, particularly with respect to the 
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desirability of MVT intervention. Moreover, the variation in physician propensity 
to refer to a surgeon have been shown to be a significant determinant of MVT 
intervention rates when aggregated at the county level. Reductions in the variation 
in physician practice style overall, and therefore inter-area variation, could be 
effected by the use of various change strategies aimed at modifying physicians' 
clinical practice and encouraging the adoption of best practice. Such change 
strategies used in the wider health care system include audit and feedback, 
reminder systems, educational materials, clinical guidelines, conferences, outreach 
visits, local opinion leaders, and patient-mediated strategies (Oxman et al. 1995). 
The effectiveness of such interventions to alter physician behaviour appears to 
vary depending on the measures of outcome used, the illness or procedure of 
interest, the characteristics of the health professional, and the level of the 
intervention (Weiss et al. 1990; Oxman et al. 1995; Moulding et al. 1999; 
Wyszewianski & Green 2000). The effectiveness of these interventions for 
various procedures is mixed to say the least (Oxman et al. 1995), and for the 
treatment and management of otitis media is as yet unmeasured. However, it is the 
development and implementation of clinical guidelines for otitis media that has 
probably received the most emphasis from health policy makers (Magit & Stool 
1993). 
9.3.2.1 Clinical guidelines 
The stated purposes of clinical guidelines include limiting variations in 
clinical practice that may indicate problems in health care quality, reducing 
unnecessary costs that are associated with variations in practice, and providing up-
to-date summaries of evidence-based best practice based on expert consensus 
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(Lewis 1995). 10M (1990) define guidelines as " ... systematically developed 
statements to assist practitioners' and patients' decisions about appropriate care 
for specified clinical outcomes". Such guidelines are increasingly forming the 
"basis for assessing accountability in the delivery of health care services" 
(Basinski 1995). 
Information concemmg diagnosis and treatment of otitis media was 
generated and disseminated in 1994 in the form of clinical practice guidelines for 
otitis media (with effusion) in children (Otitis Media Guideline Panel 1994). The 
guidelines were formulated by an expert panel convened by The American 
Academy of Paediatrics, the American Academy of Family Physicians, and the 
American Academy of Otolaryngology--Head and Neck Surgery, with the review 
and approval of the (US) Agency for Health Care Policy and Research .. The 
guidelines have been reviewed endorsed by the Guideline Advisory Committee, a 
joint body of the Ontario Medical Association and the Ontario Ministry of Health 
and Long-Term Care. In accordance with its 3-year "stale date" policy, the 
guidelines were re-endorsed in March 2001. With particular respect to the focus of 
this study (MVT intervention), the guidelines state the following: 
"For the child who has had bilateral effusion for a total of 3 months 
and who has a bilateral hearing deficiency (defined as a 20-decibel 
hearing threshold level or worse in the better-hearing ear), bilateral 
myringotorriy with tube insertion becomes an additional treatment 
option. Placement of tympanostomy tubes is recommended after a total 
of 4 to 6 months of bilateral effusion with a bilateral hearing deficit." 
(Otitis Media Guideline Panel 1994, p.768). 
Evidently, some physicians surveyed in this study have different thresholds 
for consideration of MVT surgery from those exposed in the guidelines. For 
example, 14.9 % of GPs, 6.7 % of paediatricians, and 11.8 % of ENT surgeons, 
would refer for, or perform, surgery for bilateral effusion durations of less than or 
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equal to 2 months (Table 10). As a second example, 7.5 % of GPs, 14 % of 
paediatricians, and 12.8 % of ENT surgeons, would wait until hearing losses 
reached 30 or more decibels before referring for or performing surgery (Table 10). 
Therefore, given disparities between the surveyed opinions and the guidelines, 
and the variation regarding referral and surgical decision-making among surveyed 
physicians, it would appear that either the information in these guidelines has not 
yet diffused, or it has been diffused but made little difference to practice style 
variation presumably because of non-adoption. Hsu et al. (1998) also found low 
adherence to the AHCPR guidelines in a study of OME patients in Minnesota, and 
found, in particular, significant referral delays for patients. 
The processes of clinical practice guideline construction, dissemination, 
implementation, and adoption, are fraught with difficulties (Lewis 1995; Bauchner 
& Simpson 1998). Lewis (1995) notes some "troubling paradoxes" concerning 
guidelines, in particular: their remedial aim (implying that the available scientific 
evidence, upon which the guidelines are based, is unread or undigested by 
physicians); the problem of consensus and the breadth/size of the panel 
constructing the guidelines; and their short shelf-life of guidelines, given the rapid 
pace of medical advancement compared with the laborious processes of guideline 
development (e.g. Magit & Stool 1993), diffusion, and implementation. Bauchner 
& Simpson (1998) additionally point out the extra complexities of paediatric 
practice guidelines, which include the problems of dealing with patient surrogates 
(parents) rather than the patients themselves. In addition, physicians' attitudes to 
guidelines are often sceptical (e.g. Inouye et al. 1998), with many believing they 
exist primarily to cut costs rather than improve quality of services. Various other 
barriers exist to the implementation and adoption of guidelines, including 
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physician characteristics and lack of compliance policies (Lewis 1995; Davis & 
Taylor-Vaisey 1997; Moulding et al. 1999). Indeed, although the Guideline 
Advisory Committee graded the 1994 otitis media (with effusion) guidelines as 
"excellent", their review criticized the lack of information regarding methods of 
dissemination and implementation, and the lack of specific criteria for the 
purposes of monitoring compliance. 
Given these problems, then, it is not clear whether guidelines may be of 
use to alter the clinical decision-making behaviour of physicians with respect to 
treatment for otitis media. The propensity of physicians to refer patients for 
surgery was identified as a significant determinant of MVT rates in this study. 
Reducing variation in referral rates among referring physicians could therefore 
potentially reduce small area variation in MVT rates. However, the available 
evidence suggests that guidelines do not assist in modifying referral rates of GPs 
(Fertig et al. 1993; O'Donnell 2000). 
A final point concerning guidelines and other methods aimed at promoting 
the adoption of "best practice" is the extent to which physician practice style 
variation drives inter-area surgical rate variation. Physician propensity to refer 
was the single practice style (opinion) variable to significantly influence inter-
county MVT rate variation, and accounted for half of the variation explained by 
the regression model. One may expect that reducing the variation in referring 
physician practice style could therefore reduce MVT rate variation. However, 
none of the ENT surgeon opinion variables was a significant determinant of MVT 
rate variation, even though variation among surgeons was evident at the individual 
level. Obviously, variation among physicians within small areas exists, but 
variations in surgical utilization rates are calculated and compared at the small 
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area level. It is not necessarily the case that reducing the variation in physician 
decision-making will reduce measured utilization rates, even for the significant 
determinant (propensity to refer), partly because if the variation in physician 
decision-making was reduced similarly within all the small areas, the existing 
inter-area differences would be maintained. 
9.3.2.2 Patient guidelines 
More emphasis may need to be placed on patient information and on 
understanding the ways in which patients and physicians interact. Veldhuis et al. 
(1998) studied Dutch GPs' departures from their own conceptions of good 
practice, and found that 10 % of the 6087 consultations assessed contained some 
departure from "good" practice. The major reason cited by the GPs concerned the 
doctor-patient relationship: 42 % of deviations from good practice were due to the 
"wish to be nice [to the patient]", and 30 % were due to the "wish to prevent a 
conflict [with the patient]." Interestingly, clinical uncertainty was cited as a 
motive for only 11 % of deviations. 
However, the results regarding physicians' propensity to refer found in 
this study are somewhat at variance with those statistics, as the patient (parental) 
factors were viewed by doctors via survey as having the lowest importance in 
terms of the factors affecting clinical management of otitis media. Nevertheless, 
the variation in patient demands and wishes may need to be subject to the same 
sort of inspection as physician opinion variation. Variations in perceptions 
regarding the benefits of hip and knee arthroplasty, for example, may result in 
different levels of willingness of the patient to undergo surgery (Hawker et al. in 
press). Measures of patient willingness in the study of Hawker et aI. correlated 
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positively with utilization rates, suggesting that variation in patient willingness to 
undergo surgical procedures, in addition to physician opinion variation, may 
account for surgical rate variations. Research is needed to assess whether further 
information diffusion affects levels of, and inter-area variation in, patient 
willingness for surgical procedures. If such an influence were to be found with 
regards to MVT surgery, policies effecting such information diffusion to patients 
(or patients' parents) could be instituted an attempt to reduce MVT rate variation. 
9.4 SOME LIMITATIONS OF THE STUDY 
There are several limitations associated with this study. First, the study 
was based on hospital discharge data acquired from the Canadian Institute for 
Health Information (CIH!). Databases that have not been designed primarily for 
research purposes may be fraught with problems, when used in health services 
research (Connell et al. 1987). CIHI is an administrative database that may 
potentially introduce such errors. The main methodological concern with the use 
of administrative data was the validity and reliability of the data. Studies that have 
compared administrative data to hospital chart data have overwhelmingly 
concluded that major events, such as surgical procedures and mortality, patient 
demographics and primary diagnosis are coded accurately. However, 
complications and comorbid conditions are often under-coded (Romano et al. 
1994; Hawker et al. 1997; Humphries et al. 2000). These results should allay 
concerns with respect to the validity of the procedure coding in the CIHI data. 
Second, RAOM and OME may be difficult to differentiate reliably in 
actual practice. Indeed, since RAOM and OME are often considered different 
stages of the same clinical process, clinicians sometimes fail to distinguish 
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between them and even when they do, similar treatments are often used. While 
each diagnosis has a distinctive diagnostic code, diagnostic uncertainty may 
reduce the reliability of those codes. Notwithstanding these limitations, the results 
were invariant across the diagnostic order used in this classification algorithm, 
i.e., whether MVT hospitalizations were classified first as OME hospitalizations 
or as RAOM. 
A third limitation concerns measures of physician opinion. This study 
measured self-reported physician opinion, and it is unknown whether "physicians 
do what they say" (Wennberg et al. 1997). Because individual patients are not 
linked to individual doctors, and because there is no information on the patients 
whom a doctor did not refer for an MVT, little is known about individual doctors' 
opinions as applied to actual cases of otitis media and potential MVT surgery. 
Likewise, the study did not examine actual cases of patients who saw specialists, 
and who did or did not receive MVT operations. It has been assumed that the 
physician opinions reported through survey represent physicians' actual practice 
style. 
A final limitation was that the suite of variables used as potential 
determinants of MVT intervention rate did not include measures of patient 
preference, nor of additional socio-economic variables such as educational status. 
These variables both represent patient characteristics, and as such may have 
explained some of the remaining variation in the MVT rate. However, these 
variables could be measured as part of future research programmes, as detailed 
below. 
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9.5 SUGGESTIONS FOR FURTHER RESEARCH 
There are several areas where future research is merited on the basis of the 
answers found, and questions raised, in this study. 
The dynamics of the MVT referral-surgery system have been shown to be 
critical to MVT rate variation in a number of ways. One concerns the differences 
in criteria/evaluation between referring physicians and surgeons. The significance 
of physician propensity to refer as a determinant of MVT rates and the non-
significance of surgeon opinion was interpreted to mean that the patients who 
were referred were very likely to be operated on. This would need to be verified 
by tracking actual patients through the referral system and determining what 
proportion of patients referred actually received the procedure. It would be 
interesting also to discover whether surgeon or physician opmlOns were 
significant in future studies relating to other surgical procedures. For procedures 
with greater disparity between the evaluative criteria used by referrers and 
surgeons, one may expect the surgeon's opinion to be a determinant of utilization, 
rather than the referrer's as in this study. The relationship between referral 
decision-making processes and surgical decision-making processes needs to be 
quantified better in order to understand the details of how the referral-surgical 
system drives spatial variation in utilization rates. 
More detailed data and information are needed concerning referral rates 
and patterns, including where patients are referred from and to, in order to test the 
idea that some counties (urban counties, particularly those with medical schools 
and teaching hospitals) act as "referral" counties that receive patients from 
surrounding rural "referring" counties. Also, the contrasts in referring style 
between rural and urban GPs and paediatricians should be examined more closely 
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in this regard, by using a system that links the use of referrals to physicians. This 
information would also assist in matching actual referral patterns with opinion 
data to verify the extent to which doctors are "doing what they say they are doing" 
in terms of practice style. 
Three demographic characteristics of physicians were found to be 
significant determinants of MVT rate. However, none of these characteristics was 
related to physician opinion variables. The question is raised as to what 
characteristics these physician variables actually encapsulate that influence MVT 
rates. The strongest of these variables is the percentage of North American trained 
referring physicians. Closer investigation is required to identify the characteristics 
of such physicians that are functionally altering MVT rates as assessed at the 
county level. 
Several previous studies (e.g. Bisset & Russell 1994) have discovered that 
a substantial proportion of utilization rate variation can often be attributed to a few 
surgeons who have many patients and whose surgical propensities are far above 
(or below) the average. More complete information is needed concerning the 
relationship between surgeon propensity to operate and the number of patients 
actually seen and .on which operations were performed. If this relationship varied 
across counties, then it would explain part of the variation in surgical rates. 
Although physician variables have proved to be of importance m 
determining MVT rate variation, patient (or parent) preference was not measured 
and could be expected to explain some of the residual variance. Patient preference 
would include patient preferences for particular treatment options and also 
willingness to undergo surgery. Folland & Stano (1990) proposed a view that 
inter-area variations in surgical utilization may well reflect variations in patient 
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preferences. They also suggested that some variation in rates is required as it 
represents the preservation of a "legitimate freedom of choice" for the patient (or 
in the case of MVT, for the parents of the patient). Parent preference was one of 
the factors least likely to affect referral and surgical decision-making according to 
the physicians surveyed both in this study and that of Heald et aI. (1990). 
However, a better test of that finding in a future study may be to measure patient 
preference and relate it to both referral and surgical rates. Patient preference 
variations may be important at a local or micro level. However, as Phelps (1992) 
points out, for preference differences to explain inter-area variations in utilization 
rates, it must be shown that the average preferences concerning treatment differ 
across those areas. An alternative way that patient preference may influence 
surgical rates is not by variation in average patient preference across counties, but 
by variation in the way patient preferences are incorporated into physicians' 
treatment decisions-that is, by variation in the physician-patient interaction. 
The influence of deprivation level proved to be negligible at the county 
level and significant at the FSA level only for a few counties. If any more 
information about such relationships is to be obtained, it will require a closer 
examination of socio-economic influence at sub-county level, probably on two 
contrasting counties with a large number of FSAs. A suitable comparison county 
pair could be Toronto Metropolitan (which has a negative trend between 
deprivation and MVT rate), and Ottawa-Carleton (no relationship). Variables 
other than deprivation would need to be measured, including for example, 
measures of the educational level of patients (or patients' parents), and measures 
of patient preference. 
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This study has contributed to the knowledge base of SA V studies for different 
surgical procedures in Ontario. Stockwell & Vayda (1979) for various operations, 
and Wright et al. (1999), have preceded this study. Future studies attempting to 
explain SA V in other surgical procedures across Ontario should use multi variate 
approaches, and should also measure physician opinion which has been shown to 
be a strong predictor of rates of knee replacement surgery (Wright et al.) and of 
MVT surgery (this study). This study has shown that practice style effects can 
indeed be captured at the SAY level. This counters Folland & Stano's 1990 
suggestion that the practice style influence is a micro-scale effect that may be lost 
or "washed out" at the SA V level, and offers encouragement to future studies by 
indicating that such effects can indeed be detected at the small area scale. 
9.6 CONCLUSION 
This study has determined the extent of small area variation in MVT rates 
across Ontario, quantified physician opinion concerning MVT surgery, and related 
MVT rate variation to a range of potential determinants including measures of 
physician practice style, physician supply, physician demographics, geographic 
location (rurality), and the socio-economic status of the population. Three 
research questions were asked at the beginning of this thesis, which are now 
answered. 
Is the small area variation in MVT rates in Ontario, Canada, greater than 
would be expected by random chance? 
Substantial and statistically significant regional variations in standardized 
MVT rates were measured across the counties of Ontario. The mean MVT rate for 
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fiscal years 1992-1997 was 736/100,000 population aged less than 20. Fifteen 
geographical areas had rates significantly below the mean, and 17 areas had rates 
significantly above the mean. Simulated values of variation statistics (the EQ, CV, 
and SCV) significantly exceeded the observed values and show that the overall 
variation in MVT rate is greater than would be produced by chance. The variation 
in MVT rate was high compared with rate variations for other surgical procedures 
in Ontario and compared with MVT rate variation in other jurisdictions. 
To what extent can the observed SAY be explained by health system factors 
such as physician opinion concerning indications for and benefits of the 
procedure, and the availability of general practitioners and specialists? 
Significant determinants of SA V in standardized MVT rates across 
Ontario's counties included physician opinion, physician demographic 
characteristics, and physician supply. Higher MVT rates are positively associated 
with physician propensity to refer patients, the proportion of North American-
trained referring physicians, and the paediatrician supply rate; and negatively 
associated with the specialIst supply rate, the licence year of referring physicians, 
and the licence year of specialists. These determinants explain 74 % of the 
variation in MVT rate, with physician propensity to refer explaining over 40 % of 
the explained variation. Specialists' opinions were not significant predictors of 
surgical rate. The MVT rate is most sensitive to changes in value of referring 
physician licence year and the proportion of North American-trained referring 
physicians. 
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What role, if any, do variables describing the patient's residence (urban/rural 
residence and socio-economic status) play in explaining the observed 
variation in surgical rates? 
Socio-economic status (as measured by relative deprivation) was not a 
significant determinant of MVT rates at the county level, either as a main effect or 
by interaction with physician variables. At the FSA level, having accounted for 
county-level influences, deprivation was a significant predictor of MVT rate for 
only five counties, with the best-constrained data showing that FSAs with higher 
socio-economic status had lower rates. Overall, the effect of socio-economic 
status was negligible, although locally important in a few counties. 
Most of the counties with significantly higher MVT rates than average are 
rural counties, and those counties with low rates are generally urban counties. 
However, the urban/rural status of a county (i.e. the urban or rural residence of 
patients) was not a significant predictor of standardized MVT rate. Urban counties 
maintain their low surgical rates despite being better supplied with medical care 
resources than rural counties. However, it is likely that inter-county referral flow 
of patients from rural counties to specialists practicing in urban counties (in 
particular the medical teaching centre counties) explains much of this MVT rate 
difference. Additionally, the higher rates in rural counties are also a function of 
the higher proportions of North American-trained referring physicians working in 
such areas; these physicians may be more predisposed than other physicians to 
referring patients for surgical assessment. 
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APPENDICES 
APPENDIX A: Basic Formulae To Determine SA V and units for 
analysis 
Small Area Variation (SA V) Analysis 
Before starting the review of the SA V literature, it is important to begin by 
providing an explanation of the process of SA V analysis. For this reason 
following subsections describe in detail the basic formula for determination, the 
age adjusted formula, units for SA V analysis, and reporting of small area 
variations. 
Basic Formula for Determining Small Area Variation 
SAY analysis is a technique by which one can detemline how a 
community's health care resources are used by individuals belonging to the 
community (Diehr, Cain, Kreuter, & Rosenkranz, 1992; Diehr, Cain, Connell, & 
Volinn, 1990a). For example, take the following equation: 
Rate = L 0/ L R 
Where: '0' represents the number of occurrences of health care events in a given 
time period within a given geographical region; and R' is the geographical 
region's population at risk. The size of the geographical region can vary from 
counties to provinces or even from one country to another for that matter. 
The rate derived from the above equation is the easiest to obtain, as it is 
simply the overall rate without regard to any specific factors that might have an 
influential effect (i.e. age/gender). 
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Age Adjusted Formula for Determining Small Area Variation 
Adjusting rates by age is a means of neutralizing the effect of age 
distribution on the overall rate. This requires calculating separate rates for each 
age group in the population as in the following equation: 
Age adjusted rate = L a Oa / La Pa 
Where: '0' represents the number of occurrences of health care events in a 
specific age group in a given time period with a given geographical region; and 'P' 
represents the geographical region's popUlation at risk of that age group. 
In this manner, corresponding age-specific rates for different popUlations 
can be compared. The disadvantage of using age-specific rates is that there are too 
many age-intervals to be useful as a summary measure. Nevertheless, age-specific 
rates provide the most appropriate basis for comparison between different 
populations. These rates could, however, benefit by having an overall single 
measure of occurrences of health care events thus allowing for the effects of age 
distribution. This process is known as age-standardization and is done in order to 
eliminate the effect of age influencing the small area rates. For this purpose, the 
following equation is used: 
Age adjusted rate = L a (Oa / Pa)( Pa) 
Where: 'Oa / Pa' is the observed rate and 'Pa' is the standardized 
population. This yields the expected number of occurrences to be divided by I a 
Pa 
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Direct Method 
The direct method of standardization uses a "standard population" to 
derive all age- adjusted rates to be compared. If the same standard population is 
selected and employed for all small areas then rates are directly comparable 
(Mausner & Bahn 1985). The following equation is the one used to age-adjust: 
Direct adjusted rate = L RiNi / L Ni 
Where: Ri' represents the age-specific rate occurrences of health care 
events for the ith age group among specific age groups in a given time period with 
a given geographical area; and Ni' represents the number of persons in the ith age 
group for the standard population. 
Indirect Method 
The indirect method of standardization is used when age-specific rates of 
the "standard population" are applied to the corresponding age groups of the 
population of interest to yield the expected number of occurrences of health care 
events of the "standard population"(Mausner and Bahn 1985). The ratio of the 
observed to expected is referred to as the standardized mortality ratio (SMR). If 
the SMR is in excess of 1, it indicates that rates were higher than expected. The 
following equations are used for indirect standardization: 
SMR = L di / L Rini 
Indirect adjusted rate = (L di / L Ri) x (L Di / L Ni) 
Where: 'di' represents the number of occurrences of health care events in 
the ith age group in a given time period for a given geographical region; 'ni' 
represents the number of persons in the ith age group in a given time period for a 
given geographical region; Ri' represents the age-specific rate of occurrences of 
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health care events for the ith age group among the "standard" I·· popu anon III a 
given time period- for a given geographical region; and 'Di' represents the number 
of occurrences of health care events in the ith age group for the "standard" 
population in a given time period for a given geographical region. 
Units for Small Area Variation 
The continuing development of computerized databases has made it 
possible to study even smaller geographical regions of analysis such as small 
communities, allowing studies to be conducted on levels of health care services as 
well as the characteristics of the communities. In order to determine and 
distinguish the communities for SA V analysis, two units of analysis are used. 
These include geographical boundaries, also called market areas (e.g., MD, 
Pharmacy, etc.). Market areas are usually defined by a postal code or civil 
division level as per the residential origin of the patient. In this manner, each 
postal code is assigned to the hospital serving the most patients residing in the 
area. Generally speaking, researchers prefer to use market areas as the unit of 
analysis as noted by Wennberg and Gittelsohn (1973) in their early New England 
studies of SA v. When performing SA V analysis on larger areas (counties, 
provinces, or countries), researchers usually use geographical boundaries. 
Once the hospital service areas have been defined, an attempt is then made 
to determine the amount of variation between these areas followed by an attempt 
to determine the major factors contributing to this variation. In order to be able to 
ascertain what the rate of a particular procedure is in an area, the researcher makes 
an effort to define the area's population at risk by matching those individuals at 
risk to the procedure or disease being examined. For example, in the case of otitis 
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media, the population most at risk would probably not include the entire 
population but instead the subgroup of children suffering from otitis media. In 
addition, it is conventional to standardize for age and gender in SA V studies as 
well as migration of service. 
Reporting Small Area Variation 
The most common approaches used by researchers to compare rates 
between population (community) areas include the following: external quotient 
(EQ); coefficient of variations (CV), systematic component of variation (SCV); 
and the chi-square statistical test (Diehr, Cain, F. Connell, & Yolinn, 1990a; 
Kazandjian, Durance, & Schork, 1989). 
The first three of the approaches (EQ, CV and SCV) of reporting 
variability across areas are shown to be sensitive to a number of factors: the 
underlying rate of the procedure, population sizes of the geographic areas 
analyzed, the variability in the population sizes, number of areas compared, and 
the potentiai for readmission for the same procedure (Diehr et al.1990a). These 
approaches are discussed in more detail in sections below. 
External Quotient 'and Coefficient of Variation 
The external quotient (EQ) is the highest small area age and sex adjusted 
rate divided by the lowest rate. It is infinite if the lowest rate is zero, which can 
occur if the area is small and the surgical rates are low. Moreover, outlier values 
will dramatically affect the EQ. Since the underlying distribution of the ratios is 
unknown and variance fluctuates from region to region because of differences in 
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population sizes, this is an intractable problem mathematically, and the EQ is 
likely to give misleading results (Diehr et al. 1990a). 
The coefficient of variation (CV) is the standard deviation of the rates 
(among areas) divided by the mean area rate weighted by the population in each 
area. The problem with this statistic is that there are no tables to allow one to 
judge what is "too large", in other words, to assess the statistical significance of 
the CV value for SA V in a particular surgical rate (Diehr et al. 1990a). 
Systematic component of Variation and Chi-Square Test 
The systematic component of variation (SCV) is a descriptive statistic 
developed by McPherson et al. (1982). It measures variance within one group of 
small areas. It is an estimate of the amount of variation "left" between the areas 
after the variation which would be expected by chance within the counties had 
been removed. It permits comparisons between units of different sizes and 
procedures with different rates to see if there is more variability in one site as 
compared to another. To be able to compare the magnitude of the variation in the 
rates of surgery between neighbouring areas has been traditionally measured by an 
estimate of variance of a set of rates or by the standard deviation of the mean 
(McPherson 1988). However, limitations to this method of comparing the 
magnitude of variation are affected by extreme values. Further, random variables, 
as a component of total variation will be lower when the medical event is more 
common and vice versa. Thus, systematic variation is used to compare the 
magnitude of the variation in the rates of surgery because it enables comparisons 
that take into account the effect of different populations' denominators and 
numerators. 
260 
The SCV is obtained by subtracting the random component of variation 
from the estimate of total variance. This is deemed a very useful statistic because 
it is not correlated to the prevailing rates. Therefore, according to Keller and his 
associates (1990), it can be used to obtain a less biased estimate of the relative 
variation, unlike the CV or the chi-square statistic. 
The SCV assumes that surgery is a relatively rare event and the observed 
number of operations is a Poisson distribution (McPherson et al. 1982). The SCV 
adjusts for unequal contributions to the variance estimate that are introduced by 
differences in prevailing rates and population denominators across areas and 
regIOns. 
What the SCV attempts to do is to estimate the variance among areas that 
cannot be accounted for by the variability with each area. Large values of the SCV 
indicate true differences among the areas. As noted by Diehr and his associates 
(1990a), "Its sensitivity to many factors other than true variability among small 
areas suggests it does not fulfil its purpose, at least when the null hypothesis is 
true" and there are no tables for its distribution (p.755). It is possible to have 
negative SCV values, but Diehr states that this is unsettling. It is, however, 
acceptable in the null case, since the true variability is zero (Diehr et al. 1990a). 
The formula for the SCV is: 
SCV = (Ilk) [Lkl=l «Oi -Ei)lEi -L (llEll=1] * 1000 
Where 'k' represents each geographic region. The age-specific rates for all 
regions combined are known, and the number of people at risk is known, and from 
this the observed (0) number of operations in each area for a particular period is 
used to calculate the expected (E) number of operations, given the regional age-
specific rates (McPherson et al. 1982). Where 0, is the observed number of 
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surgeries in area land Ei is the expected number if the null hypothesis is true. If all 
of the populations are the same, then Ei will be the same for all the areas, and 
SCV = (lIE) X2/k-D * 1000 (Diehr et al. 1990). Since E increases with rate, the 
formula shows that SCV must decrease as the rate increases. 
The chi-square test is a nonparametric statistical test. It tests the null 
hypothesis that the surgical rate is the same in each area. It tests for differences in 
surgery rate among k areas by separating the individuals in each area into two 
groups (surgery, no surgery), constructing a 2 x k contingency table, and 
calculating the usual chi-square statistic with k-l degrees of freedom. Diehr 
(l990b) claimed that this is an appropriate test if there are no readmissions, if all 
people in an area have the same probability of surgery, and if the expected number 
of surgeries per area is at least five. The chi-square statistic can be calculated on 
either crude or age and sex adjusted rates, and the result will usually be similar 
(Diehr 1990b). If the result is the same in statistical significance, then age and sex 
do not explain all of the variation (Diehr 1990b). If data for each area by age/sex 
stratum are missing or unavailable, two variations of the chi-square test are 
reasonable: the Mantel-Hansen approach or a logistic regression approach (Diehr 
1990b), neither of which are discussed here as their use was not required. 
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APPENDIX B: Sample Size Calculation 
Sample size for comparing two proportions, from George W. Snedecor and 
William G. Cochran, Statistical Methods, seventh edition, The Iowa State 
University Press, Ames, Iowa, 1980, pg 129 
n = (Zv + Z3)2 (plql + p2q2) / (p2 - pl)2 
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APPENDIX C: Physician Survey 
MANAGEMENT of CHILDREN with Either RECURRENT ACUTE OTITIS MEDIA or OTITIS MEDIA WITH 
EFFUSION 
ONTARIO SURVERY OF OTOLARYNGOLOGISTS 
1. In the past YEAR, have you treated or referred for treatment CHILDREN «10 YEARS) with 
RECURRENT ACUTE OTITIS MEDIA (RAOM) or OTITIS MEDIA WITH EFFUSION (OM E)? (Please 
circle the appropriate response) 
2. 
3. 
3(a). 
Yes 1a. In the PAST MONTH of regular office practice, about how many CHILDREN 
«10years) with RAOM or OME did you see? 
Children 
No go to Question 8 
For an OTHERWISE HEALTHY CHILD (e.g. excluding children with cleft palate or Dow's syndrome) 
with either RAOM or OME, please evaluate the effect of the following factors on your decision to 
perform or refer a CHILD for insertion of Ventilation Tubes (VT). (Please mark the appropriate box) 
POTENTIAL INDICATORS: Much Less No Affect On More Much 
Less Likely to My Decision Likely to More 
Likely to Insert to Insert VT Insert Likely to 
Insert VT VT VT Insert VT 
MEDICAL HISTORY: 
Persistence of fluid for> 3 months 
per episode 
Less than 3 episodes of otitis media 
within the Dast 6 months 
More than 7 episodes of otitis media 
within the past 6 months 
Lack of response to antibiotics for> 
3 Months 
Child's age is < 3 years 
PHYSICAL FINDINGS i 
Persistent Abnormal Appearance of ! 
TM (e.g. retraction/atelectasis) 
Persistent Presence of Fluid 
Obstruction of nose, nasopharynx, 
I 
or oropharynx (e.Q. adenoid facies) 
Bilateral ear disease 
AUDIOLOGIC EVALUATION, If 
Performed: 
Bilateral conductive hearing loss of 
> 20 dB 
Sensorineural hearing loss with 
conductive overlay 
Abnormal impedance findings 
(negative pressure> -200 mm H2O, 
flat typanograms, or absence of 
acoustic reflexes) ! 
RELATED INDICATORS: 
, 
Parental concerns re: hearing 
problems 
Parental (or school) report speech 
lanQuage delay 
Parental oreference for VTs 
Parental concerns re: frequency or 
severity of otitis media 
Concerns re: allergies to multiple 
antibiotics 
. ferring an OTHERWISE HEALTHY CHILD 
Please indicate your usual thr~shol~ for PfeVTrform(~ga~~r~rcle the number corresponding with your 
with either RAOM or OME for Insertion 0 . e 
usual practice) 
Bilateral Conductive Average Pure Tone 
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I 
I 
! 
I 
I 
i 
I 
Hearing Loss (in dBs) of: <15 16-20 21-25 26-30 31-35 36-40 >41 
3(b). Number of Episodes of RAOM in the Previous Six Months: 
0 2 3 4 5 >6 
3(c). Persistence of Middle Ear Effusion (in Months) for: 
<1 2 3 4 5 >6 
3(d). Lack of Response to Antibiotic Therapy (in Months) for: 
<1 2 3 4 5 >6 
4. Please indicate how long you would feel comfortable prescribing continuous daily antibiotics for an 
OTHERWISE HEALTHY CHILD « 10 years) with either RAOM or OME/ 
Weeks 
5. For your .curr~nt practice, what is the average length of time an OTHERWISE HEALTHY CHILD « 10 
years) with either RAOM or OME must wait to see you in your office in consultation? 
Weeks 
6. Once a decision to proceed with VT surgery has been made, what is the average length of time an 
OTHERWISE HEALTHY CHILD « 10 years) with either RAOM or OME must wait to have surgery? 
Weeks 
7. FOR THE FOLLOWING PATIENT SCENARIOS, PLEASE MARK THE APPROPRIATE BOX FOR 
EACH OF THE TREATMENT OPTIONS. 
7(a) SCENARIO 1: 
A child aged 3 Y2 years with normal speech and language development was referred to your office following four 
episodes of otitis media in the previous 6 months. The referring physician had treated each episode of otitis 
media with antibiotics and, on examination, the child was free of fluid between each episode. The child had a 
conductive hearing loss of 20 dB in the right ear 35 dB in the left ear. The child has bilateral flat typanograms 
and absent acoustic reflexes. 
What would be your initial management of a patient such as this? (Please mark the appropriate box) 
Management Option: Never RareJy Sometimes Often Alw~s 
Observe for 2-3 months. To consider VTs later if 
episodes of otitis media were confirmed, if fluid 
not clearing, or if the infection was worse. 
Low-dose Antibiotic for 1 Month 
Low-dose Antibiotic for 4-6 Months 
Bilateral Myrin...9.,otom"y' Alone 
Adenoidectomy 
Bilateral Myri~otom"y' with VTs 
Bilateral Myringotomy with VTs and 
Adenoidectomy 
Other, please ~eci!y: 
7(b). SCENARIO 2: 
A child aged 18 months with a few single words was referred to yo~r offic~ followin~ 3 episodes of otit.is media 
in the previous 4 months. The child's parent expressed concern With pOSSible he~rlng loss .. On eXamination, 
fluid was present in spite of a 4 week course of antibiotic proph~axls ~y the referring P~yslclan. T.he. child had 
bilateral flat typanograms absent acoustic reflexes, and the audiometric results were With normal limits. 
What would be your initial management of a patient such as this? (Please mark the appropriate box) 
Man~ement O...Qtion: Never Rarely Sometimes Often Alwa'ys 
Observe for 2-3 months. To consider VTs later if 
episodes of otitis media were confirmed, if fluid 
not clearing, or if the infection was worse. 
Low-dose Antibiotic for 1 Month 
Low-dose Antibiotic for 4-6 Months 
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Bilateral Myringotomy Alone 
i Adenoidectomv 
I Bilateral Myrinootomv with VTs : I Bilateral Myringotomy with VTs and 
I Adenoidectomy I 
! Other please specify: 
I 
7(c). SCENARIO 3: 
A ch~ld aged 6 years with .hearing ~o~s assessed at school was referred to your office following RAOM over the 
prevlo~s year. !he refern.ng physIcian had a~empted a 4 month course of antimicrobial prophylaxis without 
res?lution of fluid. The ~hlld has.had no prevIOUs VT surgery, but has an average conductive hearing loss of 30 
dB In both ears. The child had bilateral flat typanograms and absent acoustic reflexes. 
What would be your initial management of a patient such as this? (Please mark the appropriate box) 
Manaoement Option: Never Rarelv Sometimes Often Always! 
Observe for 2-3 months. To consider VTs later if 
episodes of otitis media were confirmed, if fluid 
not clearing, or if the infection was worse. 
Low-dose Antibiotic for 1 Month 
Low-dose Antibiotic for 4-6 Months 
Bilateral Mvrinaotomy Alone 
Adenoidectomy 
Bilateral Myringotomy with VTs 
Bilateral Myringotomy with VTs and 
Adenoidectomy 
Other please specify: 
7(d). SCENARIO 4: 
A child aged 2 Y2 years was referred to your office following multiple episodes of otitis media (more than ten) in 
recent months. The child had no hearing loss, no otorrhea, and a normal-looking tympanic membrane. 
What would be your initial management of a patient such as this? (Please mark the appropriate box) 
Management Option: Never Rarelv Sometimes Often Always 
Observe for 2-3 months. To consider VTs later if 
episodes of otitis media were confirmed, if fluid 
not clearino, or if the infection was worse. 
Low-dose Antibiotic for 1 Month 
Low-dose Antibiotic for 4-6 Months 
Bilateral Myringotomy Alone 
Adenoidectomv 
Bilateral Myrinootomy with VTs 
Bilateral Myringotomy with VTs and 
Adenoidectomy 
Other please specify: 
8. Whether or not you perform or refer patients for the insertion of VTs, we wouldlike to know your 
perception of the effectiveness of VTs as a treatment for RAOM or OME for children « 10 years). Of 
all patients in Ontario who get VTs today for either RAOM or OME, what percentage do you think Will: 
Show reduction in the number of episodes of acute otitis media in the first year after surgery. 
Show reduction in time spent with middle ear effusion in the first two years after surgery. 
Show reduction in average pure tone hearing loss in the first six m~nths after surgery. 
Show reduction in referring physician visits (for any reason) In the first year after surgery. 
Benefit in the first year after surgery. 
Develop a significant scarring of the ear drum. 
Develop persistent otorrhea. 
Develop retraction/atrophy of the tympanic membrane. 
Need re-insertion of VTs in the first six months after surgery. 
Need re-insertion of VTs in the first year after surgery. 
Need re-insertion of VTs in the two years after surgery. 
Experience a serious anaesthetic event. 
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Percentage 
(0% = None) 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
I 
! 
I 
I 
i 
I 
i 
I 
! 
9. Year of completion of otolaryngology training: 19 
10. Age in years 
11. Gender (circle the number) 1. Female 2. Male 
12. Do you current have a clinical practice? (circle the number) 
1. 
2. 
No 
Yes 
1. Part-time 
< 20 hrs/wk 
1. Solo 
Go to Question 13. 
Description of clinical practice: (circle the numbers) 
2. Full-time 
>20 hrs/wk 
2. Group 
1. University -affiliated 2. Non-university affiliated 
OPTIONAL QUESTIONS 
13. What other practical considerations do you feel the current investigators need to understand about 
your treatments or referral decisions for an OTHERWISE HEALTHY CHILD «10 years) with RAOM 
or OME? 
267 
MANAGEMENT of CHILDREN with Either RECURRENT ACUTE OTITIS MEDIA or OTITIS MEDIA WITH 
EFFUSION 
ONTARIO SURVERY OF GENERAL and FAMILY PHYSICIANS 
1. In the past YEAR, have you treated or referred for treatment CHILDREN «10 YEARS) with 
RECURRENT ACUTE OTITIS MEDIA (RAOM) or OTITIS MEDIA WITH EFFUSION (OME)? (Please 
circle the appropriate response) 
2. 
Yes 1a. In the PAST MONTH of regular office practice, about how many CHILDREN 
«10years) with RAOM or OME did you see? 
Children 
No go to Question 7. 
For an OTHERWISE HEALTHY CHILD (e.g. excluding children with cleft palate or Dow's syndrome) 
with either RAOM or OME, please evaluate the effect of the following factors on your decision to 
perform or refer a CHILD for insertion of Ventilation Tubes (VT). (Please mark the appropriate box) 
POTENTIAL INDICATORS: Much Less No Affect On More Much 
Less Likely to My Decision Likely to More 
Likely to Insert to Insert VT Insert Likely to 
Insert VT VT VT Insert VT 
MEDICAL HISTORY: 
Persistence of fluid for> 3 months 
per episode 
Less than 3 episodes of otitis media 
within the past 6 months 
More than 7 episodes of otitis media 
within the past 6 months 
Lack of response to antibiotics for> 
3 Months 
Child's aQe is < 3 years 
PHYSICAL FINDINGS 
Persistent Abnormal Appearance of 
1 I TM (e.Q. retraction/atelectasis) 
Persistent Presence of Fluid 
! Obstruction of nose, nasopharynx, 
or oropharynx (e.g. adenoid facies) 
Bilateral ear disease 
AUDIOLOGIC EVALUATION, If 
Performed: 
Bilateral conductive hearing loss of I 
I 
I 
J 
I 
> 20 dB I -----I 
Sensorineural hearing loss with I 
conductive overlay 
I Abnormal impedance findings 
I 
I 
I (negative pressure> -200 mm H2O, 
I 
I 
I 
flat typanograms, or absence of I 
acoustic reflexes) 
RELATED INDICATORS: I 
Parental concerns re: hearing 
I problems 
Parental (or school) report speech , 
, 
lanauaae delay J Parental preference for VTs 
I Parental concerns re: frequency or J 
severity of otitis media 
Concerns re: allergies to multiple J 
antibiotics 
3. 
rf' eferring an OTHERWISE HEALTHY CHILD 
Please indicate your usual thr~shol~ for PfeVTorm(~~ga~~rcircie the number corresponding with your 
with either RAOM or OME for insertion 0 . 
usual practice) 
3(a). Bilateral Conductive Average Pure Tone 
Hearing Loss (in dBs) of: <15 16-20 21-25 26-30 31-35 36-40 
>41 
3(b). Number of Episodes of RAOM in the Previous S,iX Months: 
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0 2 3 4 5 >6 
3(c). Persistence of Middle Ear Effusion (in Months) for: 
<1 2 3 4 5 >6 
3(d). Lack of Response to Antibiotic Therapy (in Months) for: 
<1 2 3 4 5 >6 
4. Please indicate how long you would feel comfortable prescribing continuous daily antibiotics for an 
OTHERWISE HEALTHY CHILD « 10 years) with either RAOM or OMEI 
Weeks 
5. For your current practice, what is the average length of time an OTHERWISE HEALTHY CHILD « 10 
years) with either RAOM or OME must wait to see you in your office in consultation? 
Weeks 
6. Once a decision to proceed with VT surgery has been made, what is the average length of time an 
OTHERWISE HEALTHY CHILD « 10 years) with either RAOM or OME must wait to have surgery? 
Weeks 
7. Whether or not you perform or refer patients for the insertion of VTs, we would like to know your 
perception of the effectiveness of VTs as a treatment for RAOM or OME for children « 10 years). Of 
all patients in Ontario who get VTs today for either RAOM or OME, what percentage do you think will: 
Show reduction in the number of episodes of acute otitis media in the first year after surgery. 
Show reduction in time spent with middle ear effusion in the first two years after surgery. 
Show reduction in average pure tone hearing loss in the first six months after surgery. 
Show reduction in referring physician visits (for any reason) in the first year after surgery. 
Benefit in the first year after surgery. 
Develop a significant scarring of the ear drum. 
Develop persistent otorrhea. 
Develop retraction/atrophy of the tympanic membrane. 
Need re-insertion of VTs in the first six months after surgery. 
Need re-insertion of VTs in the first year after surgery. 
Need re-insertion of VTs in the two years after surgery. 
Experience a serious anaesthetic event. 
8. Year of completion of family medicine training: 19 
9. Are you CCFP Residency Trained? (circle the number) 
1. Yes 
2. No 
10. Age in years 
11. Gender (circle the number) 1. Female 2. Male 
12. Do you current have a clinical practice? (circle the number) 
1. 
2. 
No 
Yes 
1. Part-time 
< 20 hrslwk 
1. Solo 
Go to Question 14. 
Description of clinical practice: (circle the numbers) 
2. Full-time 
>20 hrs/wk 
2. Group 
1. University -affiliated 2. Non-university affiliated 
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Percentage 
(0 % = None) 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
13. What is the nature of your clinical practice? (circle the number) 
1. General Practice / Family Medicine. 
2. Emergency Medicine. 
OPTIONAL QUESTIONS 
14. What other practical considerations do you feel the current investigators need to understand about 
your treatments or referral decisions for an OTHERWISE HEALTHY CHILD «10 years) with RAOM 
or OME? 
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MANAGEMENT of CHILDREN with Either RECURRENT ACUTE OTITIS MEDIA or OTITIS MEDIA WITH 
EFFUSION 
ONTARIO SURVERY OF PEDIATRICIANS 
1. In the past YEAR, have you treated or referred for treatment CHILDREN «10 YEARS) with 
RECURRENT ACUTE OTITIS MEDIA (RAOM) or OTITIS MEDIA WITH EFFUSION (OM E)? (Please 
circle the appropriate response) 
Yes 1a. In the PAST MONTH of regular office practice, about how many CHILDREN 
«10years) with RAOM or OME did you see? 
Children 
No go to Question 7. 
2. For an OTHERWISE HEALTHY CHILD (e.g. excluding children with cleft palate or Dow's syndrome) 
with either RAOM or OME, please evaluate the effect of the following factors on your decision to 
perform or refer a CHILD for insertion of Ventilation Tubes (VT). (Please mark the appropriate box) 
POTENTIAL INDICATORS: Much Less No Affect On More Much 
Less Likely to My Decision Likely to More 
Likely to Insert to Insert VT Insert Likely to 
Insert VT VT VT Insert VT 
MEDICAL HISTORY: 
Persistence of fluid for> 3 months 
per episode 
Less than 3 episodes of otitis media 
within the past 6 months 
More than 7 episodes of otitis media 
within the past 6 months 
Lack of response to antibiotics for> 
3 Months 
Child's age is < 3 years 
PHYSICAL FINDINGS 
Persistent Abnormal Appearance of 
TM (e.g. retraction/atelectasis) 
Persistent Presence of Fluid 
Obstruction of nose, nasopharynx, 
or oropharynx (e.a. adenoid facies) 
Bilateral ear disease , 
AUDIOLOGIC EVALUATION, If 
Performed: 
Bilateral conductive hearing loss of 
> 20dB 
Sensorineural hearing loss with 
conductive overlay 
Abnormal impedance findings 
(negative pressure> -200 mm H2O, 
flat typanograms, or absence of 
acoustic reflexes) 
RELATED INDICATORS: 
Parental concerns re: hearing 
problems 
Parental (or school) report speech 
languaQe delay 
Parental preference for VTs 
Parental concerns re: frequency or 
severi~ of otitis media 
Concerns re: allergies to multiple 
antibiotics 
3. :Ii~~~~~~i~~~~~~ ~~~ ~~~~~~~~~~r :.~rT~7~a~~ r~~~~:~~ea~u~T:e;~:~~:n~~~ T~i~ ~~~;D 
usual practice) 
3(a). Bilateral Conductive Average Pure Tone 
Hearing Loss (in dBs) of: <15 16-20 21-25 26-30 31-35 36-40 >41 
3(b). Number of Episodes of RAOM in the Previous Six Months: 
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i 
I 
0 2 3 4 5 >6 
3(c). Persistence of Middle Ear Effusion (in Months) for: 
<1 2 3 4 5 >6 
3(d). Lack of Response to Antibiotic Therapy (in Months) for: 
<1 2 3 4 5 >6 
4. Please indicate how long you would feel comfortable prescribing continuous daily antibiotics for an 
OTHERWISE HEALTHY CHILD « 10 years) with either RAOM or OMEI 
Weeks 
5. For your current practice, what is the average length of time an OTHERWISE HEALTHY CHILD « 1 0 
years) with either RAOM or OME must wait to see you in your office in consultation? 
Weeks 
6. Once a decision to proceed with VT surgery has been made, what is the average length of time an 
OTHERWISE HEALTHY CHILD « 10 years) with either RAOM or OME must wait to have surgery? 
Weeks 
7. Whether or not you perform or refer patients for the insertion of VTs, we would like to know your 
perception of the effectiveness of VTs as a treatment for RAOM or OME for children « 10 years). Of 
all patients in Ontario who get VTs today for either RAOM or OME, what percentage do you think will: 
Show reduction in the number of episodes of acute otitis media in the first year after surgery. 
Show reduction in time spent with middle ear effusion in the first two years after surgery. 
Show reduction in average pure tone hearing loss in the first six months after surgery. 
Show reduction in referring physician visits (for any reason) in the first year after surgery. 
Benefit in the first year after surgery. 
Develop a significant scarring of the ear drum. 
Develop persistent otorrhea. 
Develop retraction/atrophy of the tympanic membrane. 
Need re-insertion of VTs in the first six months after surgery. 
Need re-insertion of VTs in the first year after surgery. 
Need re-insertion of VTs in the two years after surgery. 
Experience a serious anaesthetic event. 
8. Year of completion of paediatric training: 19_ 
9. Age in years 
10. Gender (circle the number) 1. Female 2. Male 
11. Do you current have a clinical practice? (circle the number) 
12. 
1. No Go to Question 13. 
2. Yes Description of clinical practice: (circle the numbers) 
1. Part-time 
< 20 hrs/wk 
1. Solo 
1. University -affiliated 
2. Full-time 
>20 hrs/wk 
2. Group 
2. Non-university affiliated 
What is the nature of your clinical practice? (circle the number) 
1. Primary Care> 70%. 
2. General Consulting> 70%. 
3. Sub-specialty Consulting> 70% .. 
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Percentage 
(0 % = None) 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
OPTIONAL QUESTIONS 
13. What other practical considerations do you feel the current investigators need to understand about 
your treatments or referral decisions for an OTHERWISE HEALTHY CHILD «10 years) with RAOM 
or OME? 
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APPENDIX D: Simulation 
# S-Plus program to simulate the EQ, CV, and SCV using the algorithm 
# given in Diehr. 
# This program simulates the distribution of MVT rates in each county, 
# under the null hypothesis of no variation above that expected by chance. 
# Compare our actual values to these to obtain a p-value. 
# generate a string of O's, 1 's, to indicate the number of 
# admissions each of the children in Ontario had 
options ( object.size= le8) 
eq_NULL 
cvu_NULL 
cvw_NULL 
scv_NULL 
# external file, 'popln', contains the population (age <= 19) for each 
# county 
popln_scan( "popln ") 
#run the simulation 10,000 times 
for (i in 1: 10000) { 
rate_NULL 
# generate random numbers to simulate the number of MVT procedures for 
# each child 
random_runif( sum(popln» 
numadmic(O*(random <= 0.999831055» + 
(1 *((random>0.999831055) & (random <= 0.999998612») + 
(2 * (random > 0.999998612» 
rm (random) 
for (j in 1 :length(popln» { 
base_sum(c(O,popln)[l :j]) 
top_sum(popln[1 :j]) 
nuriunvcsum(numadmit[(base+ 1):top]) 
rate_cerate, nummvt / popln[j] * 100000)} 
eq_c(eq, max(rate) / min(rate» 
# unweighted CV 
cvu_c(cvu, 100 * sqrt(var(rate» / mean(rate» 
# weighted CV 
mean. weighted_sum(popln*rate) / sum(popln) 
var.weighted_(sum(popln * ((rate - mean.weighted)**2») / 
(sum(popln) - 1) 
cvw c(cvw (100 * sqrt(var.weighted) / mean. weighted» 
# SCV = (Ilk) [sum(((obs-exp)1\2)/expI\2) - sum(lIexp)] * 1000 
observed.councrate/100000*popln 
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ontario.rate_sum( observed.count) / sum(popIn) * 100000 
expected.councontario.rate / 100000 * popin 
scv_c(scv, (l000/57) * (sum(((observed.count - expected.count)**2) / 
(expected.count**2)) - sum(l/expected.count)))} 
#having generated a vector of 10,000 EQ, CV, and SCV values, print the 
#largest values (90th percentile, 95th percentile, 99th percentile, and 
#maximum value, for comparison with the values we actually obtained 
eq_sort( eq) 
cvu_sort( cvu) 
cvw _sort( cvw) 
scv _sort( scv) 
print ("eqlt) 
print (eq[c(9000,9500,9900,10000)]) 
print (ltcvu lt ) 
print (cvu[c(9000,9500,9900,10000)]) 
print (ltcvwlt) 
print (cvw[c(9000,9500,9900,10000)]) 
print ("scvlt) 
print (scv[ c(9000,9500,9900, 1 000)]) 
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APPENDIX E: County-level data 
County Name MVTrate Deprivation Deprivation Proportion Proportion 
-adjusted score aged <10 aged <20 
MVT rate 
per 100,000 per 100,000 
aged <20 aged <20 
Brant 742.9 828.88 
-0.170 0.150 0.293 
Bruce 964.91 
-0.819 0.144 0.293 
Dufferin 1249.29 
-1.342 0.170 0.314 
Elgin 766.99 817.38 0.115 0.149 0.294 
Essex 589.25 555.38 0.163 0.137 0.275 
Frontenac 802.66 804.7 -0.686 0.130 0.251 
Grey 1088.36 1002.53 -0.494 0.137 0.275 
Haldimand-Norf 609.54 676.17 -0.487 0.148 0.295 
Haliburton 980.43 0.000 0.118 0.234 
Halton Regn 901.7 878.68 -2.953 0.141 0.275 
Hastings 1328.19 1209.54 0.209 0.138 0.273 
Huron 838.85 
-1.847 0.146 0.297 
Kent 1203.35 1199.08 -0.030 0.141 0.289 
Lambton 746.27 793.18 -0.632 0.144 0.291 
Lanark 577.33 661.05 -0.651 0.146 0.274 
Leeds and Grenville 662.28 590.29 -0.530 0.135 0.261 
Lennox and Addington 633.99 0.782 0.135 0.277 
Metro Toronto 516.94 534.58 2.705 0.118 0.226 
Middlesex 708.92 704.94 -0.557 0.143 0.270 
Muskoka Dist Munic 723.8 641.84 0.067 0.129 0.255 
Niagara Regn 656.22 672.85 -0.419 0.132 0.261 
Northumberland 1520.14 -0.981 0.140 0.274 
Durham Regn 1029.35 1097.05 -0.849 0.168 0.307 
Ottawa 421.04 393.47 -1.216 0.133 0.255 
Oxford 660.14 684.15 -0.559 0.148 0.291 
Peel 613.61 620.88 0.616 0.154 0.296 
Perth 953.01 987.12 -1.497 0.149 0.295 
Peterborough 1958.73 2074.31 0.039 0.136 0.265 
Prescott and Russell 604.84 591.88 0.579 0.160 0.299 
Prince Edward 759.91 0.000 0.120 0.250 
Renfrew 671.54 686.56 0.384 0.141 0.275 
Simcoe 1110.52 1020.91 -0.201 0.154 0.287 
Storm,Dund,Glengarry 697.78 718.69 1.343 0.143 0.283 
Victoria 1886.52 0.562 0.141 0.274 
Waterloo Regn 837.38 848.72 -0.310 0.149 0.286 
Wellington 1179.87 1330.85 -1.244 0.149 0.285 
Harnilton-Went Regn 516.91 498.57 1.049 0.135 0.259 
York Regn 734.36 659.03 -1.044 0.157 0.307 
Algoma 807.34 984.94 1.409 0.136 0.285 
Cochrane 947.6 1149.23 2.301 0.149 0.306 
Kenora Dist 209.65 147.6 2.394 0.177 0.339 
Manitoulin Dist 613.13 3.765 0.149 0.295 
Nipissing Dist 1711.73 1816.03 0.998 0.138 0.282 
Parry Sound Dist 883.57 1128.85 1.809 0.123 0.253 
Rainy River Dist 248.83 1.348 0.151 0.304 
Sudbury Regn Munic 748.58 608.47 1.237 0.129 0.277 
Sudbury Dist 472.6 0.378 0.134 0.289 
Thunder Bay Dist 717.58 657.07 1.167 0.138 0.277 
Timiskaming Dist 1150.95 1.735 0.136 0.289 
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CntyName GP rate Paediatric. Paediatric. Referring GP 
rate propensity physician propensity 
per 100.000 per 100.000 
propensity 
Brant 348.6 82.2 
-1.208 
-0.346 -0.290 
Bruce 356.4 0.0 
-0.095 
-0.095 
Dufferin 408.1 80.6 0.216 
-0.255 -0.261 
Elgin 288.3 84.0 0.022 
-0.372 -0.404 
Essex 303.7 125.1 
-0.128 
-0.142 -0.168 
Frontenac 809.5 771.4 
-0.333 -0.417 -0.508 
Grey 421.0 91.4 0.163 -0.165 -0.177 
Haldimand-Norf Regn 269.3 0.0 
-0.136 -0.136 
Haliburton 494.5 0.0 0.039 0.039 
Halton Regn 446.7 165.0 
-0.062 -0.094 -0.153 
Hastings 385.1 118.0 0.185 0.034 0.020 
Huron 331.7 0.0 
-0.065 -0.065 
Kent 302.8 100.4 
-0.183 -0.245 -0.256 
Lambton 265.3 82.6 -0.126 -0.099 -0.005 
Lanark 472.3 0.0 -0.200 -0.200 
Leeds and Grenville 319.1 76.9 -0.188 -0.283 -0.322 
Lennox and Addington 438.0 0.0 -0.141 -0.141 
Metro Toronto 620.6 473.3 -0.200 -0.203 -0.265 
Middlesex 649.8 426.0 -0.187 -0.190 -0.197 
Muskoka Dist Munic 489.1 0.0 -0.341 -0.341 
Niagara Regn 336.8 155.0 -0.140 -0.153 -0.232 
Northumberland 299.8 8.7 -0.150 -0.150 
Durham Regn 276.9 85.4 -0.034 -0.058 -0.069 
Ottawa 652.3 520.7 -0.119 -0.124 -0.148 
Oxford 263.5 20.7 0.029 0.029 
Peel 345.6 113.7 -0.028 -0.033 -0.041 
Perth 367.7 91.6 -0.130 -0.130 
Peterborough 449.7 235.4 0.022 0.005 -0.015 
Prescott and Russell 389.0 8.5 -0.373 -0.373 
Prince Edward 455.1 0.0 -0.133 -0.133 
Renfrew 388.9 35.9 -0.097 -0.224 -0.247 
Simcoe 377.3 65.4 0.014 -0.159 -0.165 
Storm,Dund,Glengarry 377.3 116.1 0.072 0.053 -0.018 
Victoria 290.0 52.3 0.229 0.032 -0.026 
Waterloo Regn 344.5 119.2 -0.082 -0.108 -0.114 
Wellington 394.4 99.6 -0.222 -0.186 -0.182 
Hamilton-Went Regn 504.1 305.4 -0.369 -0.374 -0.388 
York Regn 386.4 218.8 -0.099 -0.101 -0.110 
Algoma 307.4 127.6 -0.132 -0.171 -0.187 
Cochrane 419.0 34.9 -0.192 -0.192 
Kenora Dist 46l.3 86.7 -0.308 -0.293 -0.276 
Manitoulin Dist 437.3 0.0 -0.432 -0.432 
Nipissing Dist 383.8 171.3 -0.115 -0.151 -0.160 
Parry Sound Dist 277.8 0.0 -0.177 -0.177 
Rainy River Dist 462.0 0.0 -0.022 -0.022 
Sudbury Regn Munic 353.1 145.8 -0.297 -0.253 -0.231 
Sudbury Dist 174.1 0.0 -0.103 -0.103 
Thunder Bay Dist 308.1 88.2 0.819 -0.298 -0.322 
Timiskaming Dist 476.8 0.0 -0.119 -0.119 
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County Name Paediatr. Referring GP outcome Paediatric. Referring 
outcome physician threshold physician 
outcome threshold 
Brant 
-6.447 
-2.231 
-1.958 
-0.046 0.069 
Bruce 
-9.274 
-9.274 
-0.096 
Dufferin 
-2.402 
-2.571 
-2.573 
-1.199 0.265 
Elgin 
-14.242 
-8.702 
-8.255 
-0.435 0.250 
Essex 
-4.151 
-4.331 
-4.657 0.022 
-0.018 
Frontenac 
-4.552 
-5.154 
-5.804 0.145 0.137 
Grey 8.170 
-6.039 
-6.556 
-0.662 -0.112 
Haldimand-Norf Regn 
-5.045 
-5.045 
-0.046 
Haliburton 
-0.773 
-0.773 
-0.049 
Halton Regn 
-3.025 
-2.984 -2.907 
-0.038 -0.040 
Hastings 
-3.263 
-4.478 -4.586 -0.110 -0.332 
Huron 
-6.751 
-6.751 
-0.437 
Kent 
-8.530 -3.637 -2.779 -0.296 -0.273 
Lambton 
-5.113 -4.866 -4.020 0.417 0.267 
Lanark 
-6.117 -6.117 0.306 
Leeds and Grenville -0.700 0.306 0.715 -0.172 -0.112 
Lennox and Addington 
-5.608 -5.608 
-0.280 
Metro Toronto -3.598 -3.630 -4.277 -0.030 -0.031 
Middlesex 0.085 0.406 1.133 0.313 0.314 
Muskoka Dist Munic -4.779 -4.779 0.084 
Niagara Regn -6.248 -6.434 -7.594 0.310 0.314 
Northumberland -10.915 -10.915 -0.259 
Durham Regn -2.519 -1.549 -1.102 0.119 0.111 
Ottawa -2.819 -2.945 -3.573 0.427 0.436 
Oxford -8.288 -8.288 0.149 
Peel -4.067 -4.203 -4.412 0.324 0.336 
Perth -5.566 -5.566 -0.238 
Peterborough -5.317 -5.705 -6.160 -0.379 -0.426 
Prescott and Russell -4.889 -4.889 0.177 
Prince Edward -2.486 -2.486 0.353 
Renfrew -2.373 -2.332 -2.324 -0.212 -0.065 
Simcoe 1.905 -2.878 -3.031 -0.063 0.280 
Storm,Dund,Glengarry -0.116 0.331 2.080 -0.203 -0.180 
Victoria -3.253 -4.017 -4.245 0.334 0.117 
Waterloo Regn -5.714 -6.421 -6.582 0.278 0.278 
Wellington -3.272 -2.624 -2.560 -0.369 -0.105 
Hamilton-Went Regn -3.715 -3.736 -3.791 0.702 0.710 
York Regn -5.227 -5.397 -6.198 0.029 0.019 
Algoma -3.216 -3.898 -4.178 -0.366 -0.080 
Cochrane -0.298 -0.298 0.398 
Kenora Dist -8.288 -8.709 -9.198 0.346 0.390 
Manitoulin Dist -9.170 -9.170 0.054 
Nipissing Dist -0.164 -0.353 -0.404 0.519 0.263 
Parry Sound Dist -4.449 -4.449 -0.294 
Rainy River Dist -5.205 -5.205 -0.284 
Sudbury Regn Munic -6.371 -2.838 -1.173 0.107 -0.174 
Sudbury Dist 0.206 0.206 -0.224 
Thunder Bay Dist 8.258 -9.481 -9.853 -1.264 0.426 
Timiskaming Dist -4.478 -4.478 -0.222 
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County Name GP Wait for ENT ENT E!'.T 
threshold surgeon's surgeon surgeon surgeon 
consultation propensity outcome threshold 
weeks 
Brant 0.077 5.6 
-0.529 
-11.000 0.750 
Bruce 
-0.096 12.4 
Dufferin 0.282 6.7 
Elgin 0.306 3.3 
-0.110 
-4.667 0.561 
Essex 
-0.090 4.8 0.191 
-4.470 0.066 
Frontenac 0.128 14.2 
-0.017 
-3.164 0.557 
Grey 
-0.092 19.6 
Haldimand-Norf Regn 
-0.046 6.5 
-0.353 
-6.075 0.572 
Haliburton 
-0.049 7.3 0.107 
-5.000 
-0.112 
Halton Regn 
-0.044 5.7 
-0.055 
-2.713 -0.152 
Hastings 
-0.351 4.2 
-0.029 3.601 0.000 
Huron 
-0.437 6.3 
Kent 
-0.269 2.5 0.357 -0.971 -0.529 
Lambton 
-0.247 5.6 
Lanark 0.306 6.1 0.050 0.235 0.400 
Leeds and Grenville -0.087 7.3 0.173 -0.644 0.055 
Lennox and Addington -0.280 10.2 -0.017 -3.164 0.557 
Metro Toronto -0.045 4.0 0.044 -2.848 0.211 
Middlesex 0.315 7.3 -0.106 -4.999 0.437 
Muskoka Dist Munic 0.084 5.0 0.047 1.994 -0.470 
Niagara Regn 0.340 4.5 -0.011 -9.625 0.517 
Northumberland -0.259 6.4 
Durham Regn 0.107 3.2 0.074 1.487 0.000 
Ottawa 0.484 4.9 0.050 0.235 0.400 
Oxford 0.149 5.0 
Peel 0.354 5.1 0.053 -0.921 0.452 
Perth -0.238 4.9 
Peterborough -0.482 6.2 0.107 -5.000 -0.112 
Prescott and Russell 0.177 4.0 0.050 0.235 0.400 
Prince Edward 0.353 3.7 
Renfrew -0.037 3.6 -0.021 0.668 -0.023 
Simcoe 0.291 8.1 0.047 1.994 -0.470 
Storm,Dund,Glengarry -0.090 4.7 -2.637 
Victoria 0.052 9.0 0.107 -5.000 -0.112 
Waterloo Regn 0.278 4.8 0.143 -0.715 0.000 
Wellington -0.079 5.3 0.529 -10.649 0.500 
Hamilton-Went Regn 0.728 3.7 -0.288 -1.964 0.462 
York Regn -0.028 4.0 0.195 -1.862 -0.050 
Algoma 0.038 2.6 -0.059 -1.499 0.000 
Cochrane 0.398 7.2 
Kenora Dist 0.442 9.6 
Manitoulin Dist 0.054 6.8 0.035 -12.586 0.250 
Nipissing Dist 0.195 5.6 0.324 0.001 0.333 
Parry Sound Dist -0.294 7.6 0.199 0.898 -0.028 
Rainy River Dist -0.284 8.8 
Sudbury Regn Munic -0.306 8.1 0.035 -12.586 0.250 
Sudbury Dist -0.224 4.4 0.051 -9.775 0.223 
Thunder Bay Dist 0.461 9.5 0.219 -3.311 -1.000 
Timiskaming Dist -0.222 6.8 0.324 0.001 0.333 
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County Name Wait for % female % NA- Referring Referring 
MVT referring trained physician physician 
operation physicians referring licence year graduation 
physicians year 
% % year year 
Brant 2.0 20.3 74.2 78.0 75.0 
Bruce 13.9 95.5 80.0 78.0 
Dufferin 17.3 81.1 81.0 78.0 
Elgin 6.0 17.9 93.8 81.0 76.0 
Essex 5.6 15.1 72.9 80.0 76.0 
Frontenac 15.1 38.1 85.6 86.0 82.0 
Grey 19.1 85.1 80.0 73.0 
Haldimand-N orf Regn 4.8 20.0 73.9 81.0 78.0 
Haliburton 4.9 23.7 93.4 87.5 86.0 
Halton Regn 2.0 34.4 81.8 82.0 79.0 
Hastings 3.5 15.8 85.4 80.0 77.0 
Huron 15.2 83.3 78.0 77.0 
Kent 3.9 18.2 76.3 79.0 75.0 
Lambton 14.5 58.7 78.0 75.0 
Lanark 3.5 18.3 91.0 78.0 76.0 
Leeds and Grenville 7.3 16.7 79.2 76.0 74.0 
Lennox and Addington 15.1 30.5 92.0 81.0 79.0 
Metro Toronto 3.8 28.3 75.4 83.0 79.0 
Middlesex 10.7 31.7 85.5 87.0 83.0 
Muskoka Dist Munic 9.8 12.6 82.6 81.0 79.0 
Niagara Regn 2.8 18.3 68.9 79.0 75.0 
Northumberland 16.9 78.6 80.0 79.0 
Durham Regn 2.3 23.0 71.2 80.0 76.0 
Ottawa 3.5 37.2 86.0 86.0 81.0 
Oxford 13.0 88.1 78.0 75.0 
Peel 3.7 27.4 69.6 83.0 78.0 
Perth 23.7 80.3 83.0 81.0 
Peterborough 4.9 23.2 90.4 81.0 78.0 
Prescott and Russell 3.5 22.5 86.2 83.0 80.0 
Prince Edward 23.7 91.2 79.0 77.0 
Renfrew 2.5 20.3 84.9 80.0 78.0 
Simcoe 9.8 16.9 82.8 81.0 78.0 
Storrn,Dund,Glengarry 16.9 78.5 83.0 78.0 
Victoria 4.9 16.3 91.1 81.0 79.0 
Waterloo Regn 3.4 21.9 78.0 80.0 77.0 
Wellington 6.0 27.2 90.6 82.0 80.0 
Hamilton-Went Regn 5.1 33.5 81.5 83.0 80.0 
York Regn 2.9 30.2 82.5 85.0 82.0 
Algoma 1.0 12.6 79.5 79.0 76.0 
Cochrane 19.2 87.0 87.0 83.0 
Kenora Dist 31.8 87.8 86.0 83.0 
Manitoulin Dist 3.6 11.3 90.6 82.0 79.0 
Nipissing Dist 4.5 11.6 87.8 82.0 80.0 
Parry Sound Dist 6.9 11.5 91.2 81.0 80.0 
Rainy River Dist 23.6 78.2 84.5 82.0 
Sudbury Regn Munic 3.6 17.7 76.9 81.0 78.0 
Sudbury Dist 3.3 6.4 74.5 86.0 85.0 
Thunder Bay Dist 1.0 19.8 85.9 82.0 79.0 
Timiskaming Dist 4.5 24.7 91.1 84.0 79.0 
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County Name ENT ENT o/r: female % NA- Urban-rural 
surgeon surgeon ENT trained ENT status licence year graduation surgeons surgeons 
year 
year year % % (urb=l) 
Brant 58.0 58.0 0.0 100.0 1 
Bruce 7l.5 70.6 2.9 93.5 0 
Dufferin 0 
Elgin 7l.6 68.7 l.3 9l.5 0 
Essex 63.0 63.0 12.2 87.8 1 
Frontenac 74.0 73.0 0.0 63.3 0 
Grey 76.0 74.5 0.0 97.2 0 
Haldimand-Norf Regn 66.7 6l.5 7.5 8l.9 0 
Haliburton 66.0 66.0 0.0 75.0 0 
Halton Regn 72.5 70.0 0.0 36.7 1 
Hastings 65.0 65.0 0.0 70.6 0 
Huron 64.8 64.8 l.3 93.7 0 
Kent 62.0 62.0 l.0 9l.2 0 
Lambton 72.0 70.5 0.0 100.0 0 
Lanark 80.0 70.0 0.0 87.0 0 
Leeds and Grenville 73.2 70.1 0.0 82.8 0 
Lennox and Addington 74.0 73.0 0.0 63.3 0 
Metro Toronto 78.0 72.0 8.4 7l.9 1 
Middlesex 66.0 66.0 3.2 83.9 1 
Muskoka Dist Munic 62.0 62.0 0.0 82.8 0 
Niagara Regn 6l.0 6l.0 • 7.7 61.5 1 
Northumberland 0 
Durham Regn 73.8 67.4 2.0 36.3 1 
Ottawa 80.0 70.0 0.0 87.0 1 
Oxford 65.l 65.1 l.8 9l.1 0 
Peel 75.2 72.3 4.0 64.0 1 
Perth 64.0 64.0 0.0 100.0 0 
Peterborough 66.0 66.0 0.0 75.0 0 
Prescott and Russell 80.0 70.0 0.0 87.0 0 
Prince Edward 0 
Renfrew 84.6 79.1 0.0 95.5 0 
Simcoe 62.0 62.0 0.0 82.8 0 
Storm,DuDd,Glengarry 85.8 79.5 0.0 96.5 0 
Victoria 66.0 66.0 0.0 75.0 0 
Waterloo Regn 69.0 68.0 20.0 80.0 1 
Wellington 63.0 63.0 0.0 100.0 0 
Hamilton-Went Regn 75.0 63.0 16.1 64.5 1 
York Regn 78.0 72.6 3.5 68.8 1 
Algoma 7l.0 62.0 0.0 50.0 0 
Cochrane 64.4 64.4 0.0 0 
Kenora Dist 0 
Manitoulin Dist 62.0 62.0 33.3 33.3 0 
Nipissing Dist 68.0 68.0 0.0 100.0 0 
Parry Sound Dist 65.3 65.3 0.0 92.2 0 
Rainy River Dist 75.6 70.5 2.0 69.4 0 
Sudbury Regn Munic 62.0 62.0 33.3 33.3 1 
Sudbury Dist 63.9 62.6 25.3 42.3 0 
Thunder Bay Dist 7l.5 63.0 0.0 4l.7 1 
Timiskaming Dist 68.0 68.0 0.0 100.0 0 
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County Name ENT ENT 
surgeon rate surgeon rate 
(crude) 
per per 
100,000 100,000 
Brant 1.76 1.95 
Bruce 2.58 0.00 
Dufferin 0.46 0.00 
Elgin 2.11 1.78 
Essex 2.77 2.39 
Frontenac 2.93 4.05 
Grey 2.56 2.01 
Haldimand-Norf Regn 1.83 0.00 
Haliburton 1.98 0.00 
Halton Regn 2.06 1.74 
Hastings 2.68 4.60 
Huron 1.31 0.00 
Kent 1.69 0.80 
Lambton 2.04 1.83 
Lanark 2.51 0.00 
Leeds and Grenville 3.14 0.94 
Lennox and Addington 2.93 0.00 
Metro Toronto 3.06 2.90 
Middlesex 1.98 3.22 
Muskoka Dist Munic 1.79 0.00 
Niagara Regn 2.68 1.78 
Northumberland 1.21 0.00 
Durham Regn 1.83 0.89 
Ottawa 2.51 2.64 
Oxford 1.57 0.00 
Peel 2.09 1.11 
Perth 0.91 2.15 
Peterborough 2.02 4.84 
Prescott and Russell 2.51 0.00 
Prince Edward 2.71 0.00 
Renfrew 2.00 1.04 
Simcoe 1.79 1.81 
Storm,Dund, Glengarry 3.19 0.99 
Victoria 1.90 0.00 
Waterloo Regn 1.46 1.34 
Wellington 1.65 2.63 
Hamilton-Went Regn 1.67 1.45 
York Regn 2.28 0.98 
Algoma 1.56 1.65 
Cochrane 2.83 1.38 
Kenora Dist 1.02 0.00 
Manitoulin Dist 1.86 0.00 
Nipissing Dist 1.15 1.07 
Parry Sound Dist 1.40 0.00 
Rainy River Dist 1.66 2.14 
Sudbury Regn Munic 1.86 1.65 
Sudbury Dist 1.97 0.00 
Thunder Bay Dist 1.66 1.45 
Timiskaming Dist 1.15 0.00 
282 
APPENDIX F: FSA-Ievel data 
FSA County FSA popn MVT rate unemp blue Low Pers! 
N3L 
N3P 
N3R 
N3S 
N3T 
N3V 
NOH 
N2Z 
L9V 
L9W 
N5H 
N5L 
N5P 
N5R 
NOR 
N8H 
N8M 
N8N 
N8P 
N8R 
N8S 
N8T 
N8W 
N8X 
N8Y 
Brant 
Brant 
Brant 
Brant 
Brant 
Brant 
Bruce 
Bruce 
Dufferin 
Dufferin 
Elgin 
Elgin 
Elgin 
Elgin 
Essex 
Essex 
Essex 
Essex 
Essex 
Essex 
Essex 
Essex 
Essex 
Essex 
Essex 
N9A Essex 
N9B Essex 
N9C Essex 
N9E Essex 
N9G Essex 
N9H Essex 
N9J Essex 
N9K Essex 
N9V Essex 
N9Y Essex 
KOH Frontenac 
K7K Frontenac 
K7L Frontenac 
K7M Frontenac 
K7P Frontenac 
NOC Grey 
N4K Grey 
N4L Grey 
N4N Grey 
NOA Haldimand-Norf Regn 
NOE Haldimand-Norf Regn 
N1A Haldimand-Norf Regn 
N3W Haldimand-Norf Regn 
N3Y Haldimand-Norf Regn 
11333 
9250 
33743 
23942 
22855 
1270 
43494 
10925 
698 
29898 
14169 
3177 
16269 
22539 
37215 
23262 
10584 
22863 
1616 
12214 
23604 
19122 
21756 
17072 
20696 
29516 
14498 
13948 
17373 
7359 
7132 
12484 
862 
17774 
11808 
40593 
30275 
21681 
42931 
12625 
14168 
28548 
7575 
9309 
26425 
31806 
11759 
11039 
22051 
758.54 
793.93 
794.06 
839.29 
723.86 
1040.08 
1205.61 
708.43 
1296.84 
1180.15 
661.51 
766.86 
818.96 
896.9 
659.76 
609.92 
668 
506.81 
717.51 
449.73 
593.92 
596.28 
501.67 
526.24 
574.3 
478.39 
516.68 
501.71 
503.92 
578.57 
600.74 
625.44 
336.71 
438.23 
720.09 
732.25 
950.52 
709.12 
836.6 
564.08 
793.81 
1523.26 
905.49 
954.03 
864.12 
628.24 
429.38 
398.2 
857.41 
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-0.895 
-0.829 
-0.370 
0.548 
-0.435 
0.319 
-0.009 
-0.862 
-1.813 
-0.960 
-0.173 
1.303 
-0.435 
0.056 
-0.698 
-0.698 
-1.124 
-0.435 
-0.337 
-0.698 
-0.206 
0.483 
-0.042 
-0.403 
0.319 
inc room scon 
0.697 -0.833 -0.616 -1.6<1 
0.258 -0.405 0.596 -0.3~ 
0.372 -0.524 -0.977 -1.45 
1.333 1.008 -0.217 2.67 
0.688 0.105 -0.754 -O.3S 
0.914 -0.868 -0.029 0.33 
0.828 -0.393 -0.842 -0"+ 1 
0.474 -0.833 -1.199 -2..+1 
0.420 -1.237 0.654 -1.9~ 
0.390 -0.904 0.147 -1.3= 
1.549 -0.370 0.147 1.15 
0.746 -0.655 -1.203 0.19 
1.140 0.046 -0.574 0.17 
0.790 -0.417 -1.023 -0.5~ 
1.084 -0.928 -0.255 -0.7~ 
1.317 -0.381 0.055 0.2S 
1.261 -0.619 -0.528 -1.0 
0.064 -1.153 -0.746 -2.2' 
-0.124 -0.963 -0.931 -2.3~ 
0.976 -0.667 0.600 0.21 
0.787 -0.655 -0.846 -0.9: 
1.369 0.687 0.231 2. 7~ 
1.030 -0.571 -0.574 -0.1. 
1.116 0.414 -0.578 0.5< 
0.977 0.402 -0.578 1.1: 
0.975 1.178 1.709 0.181 4.0.:: 
0.483 0.946 1.305 0.005 2.7: 
1.106 1.055 1.614 0.408 4.U 
-0.435 -0.303 -0.975 -1.107 -2.8 
-0.534 -0.097 -1.296 -1.153 -3.0 
-0.140 0.296 -1.284 -0.251 -1.3 
-0.173 0.814 -0.975 -0.478 -0.8 
0.384 0.914 -1.664 -0.654 -1.0 
-0.895 0.938 -0.821 -0.436 -1.2 
-1.190 0.764 -0.714 -0.662 -1.8 
0.614 0.862 -0.631 -0.796 0.0· 
1.499 0.105 0.949 -0.041 2.5 
-0.796 -1.078 -0.524 -1.073 -3A 
-0.173 -0.541 -0.227 -0.754 -U 
-1.157 -0.352 -0.785 -0.209 -2.~ 
0.056 1.471 -0.227 -0.662 0.6 
-0.567 0.263 -0.108 -0.754 -1.1 
1.270 1.068 -0.239 -1.203 0.8 
-0.468 0.736 -0.488 -1.069 -1.: 
-0.534 1.351 -0.583 -0.616 -0.: 
-0.108 1.314 -0.678 -0.570 -0.( 
-0.075 1.468 -0.560 -0.662 0.1 
-0.796 0.265 -1.011 -0.390 -I.e 
-0.403 0.827 -0.512 -0.708 -0" 
FSA 
N4B 
LOP 
L6H 
L6J 
L6K 
L6L 
L6M 
L7G 
L7J 
L7L 
L7M 
L7N 
L7P 
L7R 
L7S 
L7T 
L9T 
K8N 
K8P 
K8R 
K8V 
N7A 
NOP 
N7L 
County 
Haldimand-Norf Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Halton Regn 
Hastings 
Hastings 
Hastings 
Hastings 
Huron 
Kent 
Kent 
N7M Kent 
N8A Kent 
NON Lambton 
N7S Lambton 
N7T Lambton 
N7V Lambton 
N7X Lambton 
K7A Lanark 
K7C Lanark 
K7H Lanark 
KOE Leeds and Grenville 
KOG Leeds and Grenville 
K6V Leeds and Grenville 
K7G 
K7N 
K7R 
M1B 
M1C 
M1E 
MIG 
M1H 
MlJ 
Leeds and Grenville 
Lennox and Addington 
Lennox and Addington 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
M1K Metro Toronto 
MIL Metro Toronto 
M1M Metro Toronto 
MIN Metro Toronto 
M1P Metro Toronto 
M1R Metro Toronto 
FSA popn MVT rate unemp blue Low Pers! Dep 
7469 
12908 
41480 
26139 
12963 
25497 
22377 
30437 
11067 
26090 
25310 
12741 
27662 
17059 
11127 
14054 
27799 
25565 
19999 
1422 
26913 
11678 
57713 
23855 
26795 
16001 
39598 
28573 
28086 
12741 
533 
1128 
13682 
13775 
38661 
31218 
28468 
8224 
6246 
13579 
58339 
30234 
45718 
29153 
18051 
34815 
47078 
26150 
20443 
22126 
32203 
28384 
672.48 
692.45 
943.93 
978.27 
1043.08 
1222.65 
981.37 
73l.29 
1006.17 
827.77 
765.78 
752.48 
766.79 
611.29 
765.49 
762.37 
1106.2 
1353.37 
1385.07 
1257.4 
929.22 
966.93 
1109.73 
1176.76 
inc room score 
-0.370 1.595 -0.678 -l.291 -0.7+1 
-1.387 -0.017 -0.963 -l.195 -3.562 
-1.059 -0.993 -0.773 -0.029 -2.854 
-1.190 -1.700 -0.904 -1.329 -5.123 
-0.140 -0.087 0.094 -0.129 -0.263 
-l.321 -0.723 -0.857 -0.931 -3.831 
-1.124 -l.577 -0.738 -0.117 -3.556 
-0.862 -0.088 -l.142 -0.167 -2.259 
-0.796 0.797 -0.904 -0.167 -l.07C 
-1.223 -0.731 -0.987 -l.019 -3.959 
-l.124 -0.981 -0.999 0.151 -2.953 
-1.091 -l.232 -0.619 -1.157 -4.10C 
-1.190 -0.512 -0.738 -0.524 -2.963 
-0.698 -0.263 -0.370 -0.893 -2.223 
-0.337 -0.422 -0.132 -0.402 -l.292 
-0.534 -0.564 -0.144 -l.111 -2.353 
-0.960 -0.077 -l.035 -0.121 -2.193 
0.352 0.259 -0.286 -0.935 -0.611 
0.188 0.118 0.533 -0.398 0.441 
-0.337 -0.103 -0.785 -l.061 -2.28E 
0.089 l.069 0.094 -0.306 0.946 
-0.567 0.653 -0.595 -l.337 -l.847 
-0.370 1.508 -0.631 -0.750 -0.243 
-0.239 0.628 -0.120 -0.620 -0.351 
1285.41 -0.140 l.029 -0.132 -0.842 -0.08E 
1256.76 0.548 1.504 -0.346 -0.394 l.313 
823.13 -0.534 0.910 -0.952 -l.019 -l.594 
802.93 -0.140 0.277 -0.465 -0.838 -1.16E 
694.19 
867.12 
450.57 
787.73 
547.03 
575.94 
637.75 
522.48 
685.5 
881.16 
975.91 
687.29 
468.92 
671.88 
592.15 
496.97 
559.95 
567.92 
589.25 
595.6 
615.91 
743.17 
490.29 
552.3 
284 
l.499 0.975 0.462 -l.027 l.909 
0.483 0.135 -0.785 -l.606 -l.77: 
-1.813 -0.723 -1.450 -3.212 -7.19~ 
0.909 0.728 -0.049 -0.754 0.834 
0.253 -0.284 -0.750 -0.394 -l.17~ 
0.548 0.401 -0.583 -0.620 -0.25~ 
-0.108 0.835 -0.560 -0.528 -0.36C 
-0.042 
0.680 
0.405 
0.225 
-0.702 -0.528 -0.86i 
-0.215 -0.800 -0.111 
-0.698 0.822 -0.690 -0.935 
-0.567 0.268 0.295 -0.213 
0.745 1.038 0.212 -0.754 
0.581 -0.017 0.925 3.376 
-0.698 -0.921 -0.643 0.197 
0.647 -0.053 1.352 0.995 
1.631 0.267 2.540 1.980 
0.975 0.039 l.744 1.758 
1.795 0.521 2.053 2.249 
1.565 0.486 2.184 1.620 
1.040 0.255 2.219 l.708 
-0.042 -0.319 0.379 
-0.501 -0.535 0.224 
1.565 0.149 1.626 
0.909 0.035 0.877 
0.366 
0.005 
1.666 
0.500 
-l.501 
-0.2H 
1.241 
4.866 
-2.06L 
2.941 
6.418 
4.51E 
6.618 
5.854 
5.22~ 
0.38~ 
-0.80' 
5.00~ 
2.321 
FSA County 
MIS Metro Toronto 
MIT Metro Toronto 
MIV Metro Toronto 
M1W Metro Toronto 
MIX Metro Toronto 
M2H Metro Toronto 
M2J Metro Toronto 
M2K Metro Toronto 
M2L Metro Toronto 
M2M Metro Toronto 
M2N Metro Toronto 
M2P Metro Toronto 
M2R 
M3A 
M3B 
M3C 
M3H 
M3J 
M3K 
M3L 
M3M 
M3N 
M4A 
M4B 
M4C 
M4E 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
M4G Metro Toronto 
M4H Metro Toronto 
M4J Metro Toronto 
M4K Metro Toronto 
M4L Metro Toronto 
M4M Metro Toronto 
M4N Metro Toronto 
M4P Metro Toronto 
M4R Metro Toronto 
M4S Metro Toronto 
M4T Metro Toronto 
M4V Metro Toronto 
M4W Metro Toronto 
M4X Metro Toronto 
M4Y Metro Toronto 
M5A Metro Toronto 
M5B Metro Toronto 
M5G Metro Toronto 
M5J Metro Toronto 
M5M Metro Toronto 
M5N Metro Toronto 
M5P Metro Toronto 
M5R Metro Toronto 
M5S Metro Toronto 
M5T Metro Toronto 
M5V Metro Toronto 
FSA popn MVT rate unemp blue Low Pers! 
room 
Dep 
score 
32096 
30768 
53252 
49407 
2099 
26653 
54590 
13896 
12232 
27430 
34613 
6137 
38271 
34229 
12660 
33298 
30250 
23951 
6406 
17697 
24111 
47725 
12716 
18331 
46661 
23555 
14846 
13968 
35807 
32493 
31243 
22996 
14416 
15401 
10186 
19753 
9252 
15406 
10657 
21098 
20512 
29778 
8116 
3900 
5275 
22707 
15566 
18375 
23484 
11945 
16614 
6072 
378.59 
407.59 
261.62 
308.65 
444.54 
396.39 
411.73 
598.55 
584.08 
515.34 
581.94 
418.17 
470.62 
613.18 
661.78 
377.38 
463.41 
341.43 
637.97 
409.73 
591.03 
305.97 
509.7 
634.79 
596.84 
622.37 
inc 
-0.075 -0.450 0.984 
0.647 -0.540 1.329 
0.942 -0.771 1.661 
0.844 -0.812 1.317 
-0.993 0.028 -0.013 
0.384 -1.186 0.984 
2.257 
1.217 
3.557 
2.118 
2.936 
1.179 
2.717 
2.652 
5.389 
3.467 
1.958 
1.361 
0.450 -0.875 1.269 1.712 2.556 
-0.763 -1.803 0.046 -0.574 -3.09< 
-1.157 -1.909 -0.286 -0.746 -4.09! 
0.516 -1.195 0.497 0.143 -0.03~ 
0.056 -1.734 0.711 0.051 -0.91~ 
-1.059 -2.272 -0.809 -1.467 -5.60~ 
0.384 -0.689 1.459 1.171 
0.876 -0.953 1.044 1.083 
-0.829 -2.317 -0.393 -1.199 
1.926 -0.753 2.326 1.930 
-0.881 0.438 
0.173 1.839 
0.797 1.448 
0.981 2.018 
0.844 1.471 
1.180 3.300 
-0.199 1.174 
0.051 
2.203 
1.041 
1.892 
1.800 
3.955 
1.079 
2.32E 
2.05C 
-4.73! 
5.43C 
0.02~ 
5.45:: 
4.12~ 
7.2lC 
5.8~ 
10.72 
2.701 
0.417 
1.237 
0.844 
2.319 
1.729 
2.287 
0.647 
0.614 
1.204 
-0.731 
-0.276 1.067 0.542 1.94~ 
-0.231 1.614 1.079 3.66( 
-1.745 -0.168 -0.444 -3.08' 
695.1 -1.551 -2.275 -1.035 -1.115 -5.97. 
360.63 2.451 -0.499 2.706 2.241 6.89~ 
562.86 0.417 -0.568 1.151 0.588 1.58! 
523.03 0.712 -1.148 1.056 0.315 0.93~ 
591.13 0.483 -0.697 1.067 0.542 1.39~ 
403.55 1.335 -0.352 3.003 1.754 5.74 
684.35 
659.49 
808.8 
554.49 
568.7 
758.77 
603.47 
273.26 
584.53 
414.8 
394.77 
539.78 
412.84 
644.11 
585.9 
448.88 
538.7 
611.98 
322.36 
447.17 
285 
-1.616 -2.651 -0.952 -1.518 -6.73 
-0.337 -1.774 -0.239 -0.229 -2.58 
-1.518 -2.221 -0.963 -0.624 -5.32 
0.024 -2.093 0.034 -0.091 -2.12 
-1.288 -2.815 -1.213 -1.119 -6.43 
-1.255 -2.612 -0.583 -0.943 -5.39 
-1.518 -2.886 -1.118 -1.744 -7.26 
2.483 -0.219 3.740 
-0.403 -2.097 1.733 
4.320 -0.819 4.025 
2.148 
0.261 
1.163 
8.15 
-0.5C 
8.68 
2.713 -1.589 2.433 0.802 4.35 
-0.042 -2.863 1.162 0.668 -1.Oi 
0.417 -2.907 -0.358 0.085 -2.7~ 
-0.960 -2.213 -0.548 -1.069 -4.7~ 
-0.862 -2.456 -0.607 -0.532 -4.4~ 
-0.665 -2.689 -0.667 -0.939 -4.9~ 
-0.599 -2.354 0.141 -0.272 -3.m 
0.155 -2.328 0.925 0.223 -1.0: 
2.024 -1.2423.324 2.018 6.1L 
1.172 -1.596 2.041 0.131 1.7~ 
FSA County 
M6A Metro Toronto 
M6B Metro Toronto 
M6C Metro Toronto 
M6E Metro Toronto 
M6G Metro Toronto 
M6H 
M6J 
M6K 
M6L 
M6M 
M6N 
M6P 
M6R 
M6S 
M8V 
M8W 
M8X 
M8Y 
M8Z 
M9A 
M9B 
M9C 
M9L 
M9M 
M9N 
M9P 
M9R 
M9V 
M9W 
NOL 
N5V 
N5W 
N5X 
N5Y 
N5Z 
N6A 
N6B 
N6C 
N6E 
N6G 
N6H 
N6J 
N6K 
N6P 
N7G 
POB 
POC 
POE 
PIH 
PIL 
PIP 
LOR 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Metro Toronto 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Middlesex 
Muskoka Dist Munic 
Muskoka Dist Munic 
Muskoka Dist Munic 
Muskok~ Dist Munic 
Muskoka Dist Munic 
Muskoka Dist Munic 
Niagara Regn 
FSA popn MVT rate unemp blue Low Pers! 
room 
1.708 
0.991 
0.273 
2.114 
0.768 
1.980 
1.578 
2.241 
1.846 
1.754 
1.934 
0.584 
Dep 
score 
17200 
27803 
25235 
41029 
34497 
46881 
30041 
32878 
21266 
39057 
40696 
37065 
19641 
29368 
30065 
20645 
8223 
17338 
12773 
29947 
26995 
35234 
11677 
20479 
22188 
20140 
33735 
56549 
37002 
44541 
29921 
24225 
18517 
29999 
24943 
11919 
9568 
32950 
30171 
28157 
26870 
27499 
25655 
4769 
14989 
7722 
3582 
2713 
13213 
13721 
8648 
64835 
530.19 
469.4 
517.87 
464.41 
532.05 
517.72 
551.35 
413.04 
419.24 
434.99 
518.97 
461.5 
474.92 
531.75 
406.83 
688.25 
304.5 
522.03 
466.76 
368.99 
558.48 
542.07 
535.77 
431.56 
577.34 
472.88 
445.14 
438.59 
641.8 
897.52 
732.99 
714.84 
711.23 
627.01 
750.22 
794.8 
531.76 
704.85 
647.01 
575.26 
632.3 
697.38 
535.93 
124.53 
1366.48 
756.82 
1333.98 
669.52 
244.64 
649.41 
728.79 
673.98 
286 
inc 
2.647 -0.020 2.576 
0.712 -0.435 1.519 
-0.108 -0.917 0.901 
1.139 1.173 1.934 
0.384 -0.724 1.257 
1.172 
2.090 
3.041 
t 
2.057 
1.991 
0.745 
0.549 
0.294 
0.507 
0.674 
0.885 
1.191 
-0.763 
1.768 
1.828 
3.514 
2.635 
2.695 
1.792 
1.305 
6.911 
2.787 
0.150 
6.361 
1.686 
5.469 
5.789 
9.303 
7.606 
7.391 
6.908 
1.871 
1.270 -1.325 0.616 -0.041 0.52C 
-0.665 -1.588 -0.061 -0.712 -3.021 
1.532 
0.024 
-1.321 
0.155 
0.384 
-0.215 1.661 0.718 
0.410 0.402 0.319 
-2.180 -0.880 -1.471 
-0.154 0.414 0.273 
-0.699 -0.239 -0.889 
3.69i 
1.15t 
-5.85: 
0.68~ 
-1.44: 
-0.009 -1.372 0.129 -0.398 -1.64' 
0.024 -0.789 -0.180 -0.394 -1.33 
-0.698 -0.593 -0.025 -0.171 -1.48 
1.073 0.985 0.759 1.942 4.75~ 
1.663 1.118 1.685 3.016 7.48: 
0.975 0.394 1.697 1.213 4.27' 
0.319 -0.501 0.735 0.366 0.91: 
1.270 0.013 1.174 1.578 4.03: 
1.237 0.635 1.851 3.330 7.05· 
0.516 0.256 0.877 1.938 3.58' 
-0.960 1.042 -0.880 -0.838 -1.63 
0.319 0.955 0.295 0.055 1.62· 
0.745 0.939 0.224 -0.800 1.10 
-0.862 -1.026 -0.773 -1.421 -4.08 
1.565 0.347 1.067 -0.444 2.53 
0.778 0.801 0.937 -0.037 2.47 
0.647 -1.355 -0.619 -1.568 -2.8~ 
2.254 -0.042 1.626 -0.720 3.11 
-0.435 -0.315 -0.476 -1.115 -2.3L 
0.220 0.651 0.640 0.730 2.24 
-0.435 -1.176 -0.275 -1.019 -2.9( 
-0.403 -0.593 -0.619 -1.341 -2.9~ 
0.352 0.020 0.117 -0.666 -0.1" 
-0.862 -0.951 -0.417 -1.065 -3.2' 
-0.698 0.042 -1.248 -2.046 -3.9: 
0.220 1.125 -0.286 -0.750 0.3( 
-0.009 1.003 -0.655 -0.708 -0.3' 
1.959 0.873 -0.275 -0.306 2.2~ 
1.368 1.171 0.450 -0.037 2.9~ 
-0.173 0.403 -0.429 -0.889 -1.0 
-0.435 0.710 -0.476 -0.708 -0.9 
1.729 1.151 -0.120 -0.800 1.91 
-0.993 0.605 -0.952 -0.255 -1.5 
FSA 
LOS 
L2A 
L2E 
L2G 
L2H 
L2J 
L2M 
L2N 
L2P 
L2R 
L2S 
L2T 
L2V 
L2W 
L3B 
L3C 
L3K 
L3M 
K9A 
L1A 
LOB 
LOC 
LIB 
L1C 
LIE 
L1G 
L1H 
LlJ 
L1K 
LIN 
LIP 
L1R 
LIS 
LIT 
L1V 
L1W 
L1X 
L1Y 
LIZ 
L9L 
L9P 
KOA 
K1B 
K1C 
K1E 
K1G 
K1H 
KlJ 
KIK 
K1L 
KIM 
KIN 
County 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Niagara Regn 
Northumberland 
Northumberland 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Durham Regn 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
Ottawa 
FSA popn MVT rate unemp blue Low Pers! Dep 
score 45201 
15466 
21768 
26139 
13508 
14458 
33126 
32411 
13672 
25265 
15066 
11254 
15559 
1404 
22706 
28323 
18685 
19211 
21748 
14173 
19028 
8406 
7556 
26612 
16875 
41332 
33537 
45843 
13537 
45364 
6905 
17406 
40049 
23039 
44050 
17420 
13472 
1935 
1346 
11386 
12410 
85681 
19422 
39772 
17581 
32771 
15467 
25600 
30256 
17890 
6600 
23467 
556.4 
413.84 
570.66 
551.72 
560.78 
583.81 
744.18 
776.39 
871.54 
785.76 
772.36 
685.73 
803.47 
651.47 
705.39 
555.65 
661.61 
832.86 
1294.2 
2203.29 
1046.06 
1083.77 
1173.11 
1172.65 
1162.84 
1084.61 
1248.56 
1099.14 
1233.12 
1115 
888.29 
848.25 
946.55 
786.3 
797.54 
978.16 
846.29 
1028.03 
909.56 
1363.68 
991.69 
561.6 
451.87 
497.88 
432.38 
370.56 
255.33 
415 
507.19 
440.49 
235.37 
325.52 
287 
-0.534 
0.188 
0.384 
0.614 
0.581 
-0.271 
0.253 
-0.370 
0.122 
1.335 
-0.468 
inc room 
0.393 -0.821 -1.065 
0.678 -0.108 -0.889 
0.781 0.426 -0.846 
1.004 0.438 -0.486 
0.531 -0.227 -0.033 
0.243 -0.524 -0.796 
0.822 0.082 -0.486 
0.247 -0.488 -1.023 
1.393 0.759 -0.352 
0.546 
0.599 
0.486 -0.624 
0.094 0.009 
-2.02~ 
-0.13 
0.746 
1.57C 
0.852 
-1.34~ 
0.671 
-1.63" 
1.922 
1.7.+3 
0.233 
-1.026 -0.508 -0.726 -1.203 -3.46~ 
0.220 0.589 -0.322 -0.259 0.228 
-1.813 -0.153 2.148 0.328 0.510 
0.712 1.243 0.699 -0.532 2.123 
-0.731 0.526 -0.465 -0.708 -1.37~ 
-0.337 0.884 0.010 -0.935 -0.371 
-1.387 0.176 -0.726 -0.482 -2.4U 
-0.435 0.649 -0.619 -0.574 -0.98( 
-0.599 0.706 -0.381 -0.708 -0.98~ 
-0.960 0.917 -0.987 -0.390 -1.42( 
-1.223 
0.024 
0.701 
1.277 
-0.845 -0.075 
-0.785 -0.482 
-1.44: 
0.033 
-0.862 0.810 -0.738 -0.033 -0.82: 
-0.468 -0.006 -1.011 0.239 -1.24: 
-0.337 0.537 -0.096 -0.486 -0.38: 
0.056 0.948 0.141 -0.486 0.659 
0.286 0.920 0.153 0.323 1.683 
-0.567 0.443 -0.453 0.420 -0.1S' 
-0.829 -0.226 -0.750 -0.033 -1.831 
-1.124 -0.477 -0.275 0.508 -1.361 
-1.321 -0.868 -0.797 0.424 -2.56: 
-0.665 -0.026 -0.465 
-0.599 -0.431 -0.619 
-0.796 -0.548 -0.607 
0.281 
1.049 
0.420 
-0.87: 
-0.60( 
-1.53: 
-0.271 -0.099 -0.643 -0.390 -1.40: 
-1.124 -0.880 -0.999 0.470 -2.53: 
-0.009 0.424 -0.750 -0.792 -1.12' 
-1.813 -0.330 -0.738 1.137 -1.74 
-1.059 0.575 -0.999 -0.616 -2.091 
-1.288 0.026 -1.142 -0.704 -3.10: 
-0.468 -0.127 -0.999 -0.302 -1. 891 
0.024 -0.982 0.604 0.281 -0.07: 
-1.091 -1.732 -0.975 -0.029 -3.82 
-0.567 -1.428 -0.952 0.151 -2.79 
0.647 -1.107 1.151 0.185 0.87: 
-0.403 -1.969 -0.203 -1.518 -4.09 
0.647 -0.988 0.284 -0.528 -0.58 
1.008 -0.538 1.067 0.093 1.63( 
2.877 -0.320 2.303 -0.045 4.81' 
-0.140 -2.485 -0.726 -1.698 -5.04 
0.712 -1.648 1.946 -0.137 0.87, 
FSA County 
K1R Ottawa 
K1S Ottawa 
KIT Ottawa 
K1V Ottawa 
K1W Ottawa 
K1Y Ottawa 
K1Z Ottawa 
K2A Ottawa 
K2B Ottawa 
K2C Ottawa 
K2E Ottawa 
K2G Ottawa 
K2H Ottawa 
K2J Ottawa 
K2K Ottawa 
K2L Ottawa 
K2M Ottawa 
K2P Ottawa 
K2S Ottawa 
K4A Ottawa 
K4B Ottawa 
K4C Ottawa 
K4M Ottawa 
K4P Ottawa 
NOJ Oxford 
N4G Oxford 
N4S Oxford 
N4T Oxford 
N4V Oxford 
N5C Oxford 
LON Peel 
L4T Peel 
L4W Peel 
L4X Peel 
L4Y Peel 
L4Z Peel 
L5A Peel 
L5B Peel 
L5C Peel 
L5E Peel 
L5G Peel 
L5H Peel 
L5J Peel 
L5K Peel 
L5L Peel 
L5M Peel 
L5N Peel 
L5R Peel 
L5V Peel 
L6R Peel 
L6S Peel 
L6T Peel 
FSA popn MVT rate unemp blue Low Pers! Dep 
18755 
26532 
20169 
41918 
2726 
19031 
20293 
15122 
32803 
25191 
18886 
34965 
28545 
27015 
12929 
21430 
11789 
14246 
12456 
19103 
4188 
3694 
8189 
4210 
30409 
16754 
32736 
4953 
892 
12757 
33211 
39030 
22774 
19639 
24296 
25351 
48031 
39514 
31681 
11821 
19972 
16572 
29532 
14022 
48084 
41732 
62579 
27390 
21607 
11182 
52621 
41054 
205.8 
347.63 
421.97 
453.38 
297.66 
357.82 
311.39 
394.34 
413.35 
470.27 
326.4 
405.97 
461.78 
482.88 
419.45 
467.28 
364.84 
295.84 
392.88 
466.81 
633.64 
325.77 
349.37 
149.35 
619.99 
690.75 
inc room score 
1.991 -1.344 2.065 0.311 3.024 
-0.862 -2.235 -0.168 -1.027 -4.29: 
0.056 -1.143 0.462 0.323 -0.301 
1.565 -1.033 1.222 0.143 1.898 
-0.435 -1.283 -0.310 0.374 -1.65~ 
-0.009 -1.691 0.699 -0.490 -1.491 
1.532 -0.742 1.638 0.181 2.609 
-0.632 -1.994 -0.548 -1.295 -4.46~ 
2.254 -1.005 1.412 0.047 2.708 
0.614 -1.024 0.438 -0.398 -0.37( 
-0.665 -1.533 0.129 -0.306 -2.37~ 
0.253 -1.518 -0.251 -0.436 -1.951 
-0.108 -1.489 -0.168 -0.482 -2.24( 
-1.026 -1.806 -0.999 -0.298 -4.12~ 
-1.255 -2.138 -1.308 -0.792 -5.49~ 
-0.665 -1.759 -1.011 -0.075 -3.5H 
-0.731 -2.191 -1.272 -0.029 -4.22~ 
0.450 -2.179 1.602 -0.141 -0.26~ 
-1.321 -1.215 -1.260 -0.927 --l.72~ 
-0.993 -1.637 -1.035 0.151 -3.5e 
-0.796 0.232 -0.643 0.374 -0.83~ 
0.089 -0.666 -1.213 -0.792 -2.581 
-0.829 -1.529 -1.225 -1.732 -5.31: 
-0.009 -0.258 -1.260 -0.344 -1.871 
-0.993 1.635 -0.868 -0.255 -0.48: 
-0.075 0.907 -0.536 -0.889 -0.59: 
700.31 -0.731 1.113 -0.370 -0.889 -0.87( 
711.71 -1.387 0.573 -0.381 -0.033 -1.22~ 
853.99 2.647 0.477 1.234 0.281 4.639 
574.32 0.024 1.299 -0.655 -0.662 0.006 
1075.66 -0.993 0.260 -1.047 -0.658 -2.43~ 
569.4 0.483 0.987 1.079 3.288 5.837 
640.22 -0.599 -0.472 -0.275 0.642 -0.70~ 
488.03 0.909 0.661 1.139 2.207 4.916 
557.93 -0.501 -0.124 -0.025 0.458 -0.19: 
567.22 0.056 -0.099 0.307 2.165 2.429 
523.46 
447.44 
599.29 
652.57 
720.33 
932.29 
832.99 
537.04 
655.09 
603.04 
785.53 
411.37 
444.97 
336.15 
496.94 
494.21 
288 
0.516 0.067 0.972 1.351 2.907 
0.516 -0.126 1.032 1.712 3.134 
0.122 -0.259 -0.108 1.405 1.16C 
1.008 0.006 -0.025 0.009 0.998 
-0.862 -0.345 0.295 -0.083 -0.99· 
-0.927 -1.311 -0.750 -1.107 -4.09~ 
-0.599 -0.523 -0.417 0.147 -1.39: 
-0.370 -0.864 0.497 0.596 -0.14 
-0.501 -0.996 -0.334 0.688 -1.14: 
-0.763 -0.877 -0.441 0.780 -1.30 
-0.665 -0.781 -0.655 0.910 -1.19~ 
-0.304 -0.495 0.141 1.808 l.15( 
-0.599 -0.747 0.260 1.812 0.72: 
-0.731 -0.265 -1.094 l.451 -0.631 
-0.599 -0.053 -0.441 1.451 0.35~ 
0.089 0.518 0.236 1.535 2.37~ 
FSA 
L6V Peel 
L6W Peel 
L6X Peel 
L6Y Peel 
L6Z Peel 
L7C Peel 
L7E Peel 
NOK Perth 
N4W Perth 
N4X Perth 
N4Z Perth 
N5A Perth 
County 
K9H Peterborough 
K9J Peterborough 
K9K Peterborough 
K9L Peterborough 
KOB Prescott and Russell 
K4K Prescott and Russell 
K4R Prescott and Russell 
K6A Prescott and Russell 
KOJ Renfrew 
K7S Renfrew 
K7V Renfrew 
K8A Renfrew 
K8H Renfrew 
LOK Simcoe 
LOL Simcoe 
LOM Simcoe 
L3V Simcoe 
L3Z Simcoe 
L4M Simcoe 
L4N Simcoe 
L4R Simcoe 
L9M Simcoe 
L9R Simcoe 
L9Y Simcoe 
KOC Storm,Dund,Glengarry 
K6H Storm,Dund,Glengarry 
K6J Storm,Dund,Glengarry 
K6K Storm,Dund,Glengarry 
KOM Victoria 
K9V Victoria 
NIP Waterloo Regn 
NIR Waterloo Regn 
NIS Waterloo Regn 
NIT Waterloo Regn 
N2A Waterloo Regn 
N2B Waterloo Regn 
N2C Waterloo Regn 
N2E Waterloo Regn 
N2G Waterloo Regn 
N2H Waterloo Regn 
FSA popn MVT rate unemp blue Low Pers! Dep 
score 
1.73t 
0.10~ 
0.33£ 
1.78i 
39429 
21367 
24282 
46430 
30485 
1157 
17803 
24382 
8974 
8949 
2181 
29811 
25168 
44775 
7663 
5037 
20372 
10255 
5751 
12364 
32430 
11378 
12936 
25813 
13366 
30244 
57783 
29044 
38382 
18292 
37234 
50426 
17907 
11598 
11617 
17690 
50803 
29992 
17979 
2643 
44222 
23682 
1826 
41262 
18260 
7277 
21307 
16583 
12711 
22621 
14098 
21334 
488.84 
626.19 
583.39 
509.33 
551.78 
531.09 
inc room 
-0.304 0.499 0.094 1.447 
-0.009 -0.032 -0.227 0.370 
-0.731 0.469 -0.310 0.910 
-0.239 0.182 0.082 1.762 
-0.862 -0.035 -0.809 1.275 
-1.813 -0.230 -1.201 0.289 
-0.43 
-2.95: 
929.36 -0.993 -0.297 -1.177 -0.432 -2.894 
995.77 -1.124 1.582 -0.726 -0.255 -0.52' 
1022.48 -1.551 1.052 -0.999 -0.259 -1.75' 
872.23 -1.321 1.296 -1.023 -0.750 -1.79: 
953.22 -1.813 0.588 -0.583 -0.209 -2.01' 
1051.17 -1.223 0.604 -0.667 -0.800 -2.08: 
2101.29 1.008 0.157 0.319 -0.712 0.77: 
2101.64 0.483 0.312 0.189 -0.620 0.36L 
1879.05 -0.993 -0.476 -0.880 -0.658 -3.00' 
2003.53 -0.731 0.274 -0.583 -0.838 -1.87' 
584.6 0.286 1.087 -0.156 0.009 1.22( 
546.18 -0.271 -0.225 -0.346 0.235 -0.60 
503.38 -1.321 -0.844 -0.952 -0.029 -3.14 
722.81 0.778 0.709 0.735 0.005 2.22-
647.89 0.844 0.721 -0.393 -0.574 0.59l 
649.61 0.155 0.527 -0.346 -0.486 -0.15 
715.85 1.172 0.941 -0.132 -0.666 1.31: 
733.77 -0.075 0.586 -0.061 -0.486 -0.03 
707.34 -1.026 1.584 -0.702 0.370 0.22: 
1005.52 0.844 0.994 -0.393 -0.574 0.87 
1059.7 -0.435 0.784 -0.595 -0.482 -0.72 
1622.02 -0.468 1.246 -0.512 -0.167 0.09: 
934.96 0.712 0.588 -0.013 -0.620 0.66' 
955.94 -0.567 0.582 -0.738 0.193 -0.52 
1205.3 -0.567 0.357 -0.263 -0.708 -1.18 
1200.25 -0.567 0.280 -0.085 0.101 -0.27 
867.59 0.122 0.644 0.046 -0.620 0.19 
389.38 0.581 0.866 -0.370 -0.440 0.63 
1268.32 -1.124 0.854 -0.619 -0.394 -1.2~ 
1057.64 -0.140 0.630 -0.061 -0.754 -0.32 
653.71 -0.009 0.912 -0.512 -0.394 -O.OC 
1008.41 2.385 0.584 0.759 -0.264 3.46 
806.63 0.647 0.673 0.699 -0.264 1.75 
845.43 0.548 0.821 -0.726 -0.302 0.34 
1458.59 0.548 1.092 -0.381 -0.889 0.37 
2157.31 
908.84 
1050.2 
944.47 
617.59 
737.63 
679.85 
889.85 
812.86 
805.2 
786.85 
289 
0.745 0.878 -0.085 -0.620 0.91 
-1.813 -0.095 -0.607 1.854 -0.6( 
0.384 1.213 0.200 0.458 2.25 
-0.567 0.273 -0.370 0.055 -0.6( 
-0.862 -0.351 -0.952 0.826 -1.3: 
-0.370 0.204 -0.251 0.055 -0.3~ 
-0.140 0.510 -0.571 -0.486 -0.6: 
-0.140 
-0.534 
0.647 
-0.665 
1.265 
0.935 
0.467 
0.301 
0.913 0.408 2.4..: 
0.010 0.999 1.41 
0.652 -0.490 1 ..,-.~ 
-0.120 -1.073 -1.5 
FSA 
N2] 
N2K 
N2L 
N2M 
N2N 
N2P 
N2R 
N2T 
N2V 
N3B 
N3C 
N3H 
NIC 
NIE 
NIG 
NIH 
NIK 
NIL 
NIM 
L8E 
L8G 
L8H 
L8] 
L8K 
L8L 
L8M 
L8N 
L8P 
L8R 
L8S 
L8T 
L8V 
L8W 
L9A 
L9B 
L9C 
L9G 
L9H 
L9K 
LOE 
LOG 
LO] 
L3P 
L3R 
L3S 
L3T 
L3X 
L3Y 
lAA 
lAB 
lAC 
lAE 
County 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Waterloo Regn 
Wellington 
Wellington 
Wellington 
Wellington 
Wellington 
Wellington 
Wellington 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hami.1ton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
Hamilton-Went Regn 
York Regn 
York Regn 
YorkRegn 
York Regn 
York Regn 
YorkRegn 
York Regn 
YorkRegn 
York Regn 
YorkRegn 
York Regn 
YorkRegn 
YorkRegn 
FSA popn MVT rate 
18227 
15987 
28414 
34151 
21516 
10153 
1176 
13321 
6056 
9251 
17481 
20352 
1947 
26816 
23307 
44254 
4022 
1457 
12283 
30812 
22572 
27628 
16251 
33014 
34717 
14111 
14196 
21633 
10569 
15864 
19328 
21740 
22779 
22475 
13204 
37815 
18247 
29439 
2581 
19186 
36318 
2850 
39350 
50298 
29576 
46157 
13583 
47290 
16657 
22458 
63701 
7979 
627.69 
885.84 
832.21 
738.55 
893.96 
986.25 
1031.62 
720.78 
831.83 
686.01 
1039.48 
1007.52 
793.75 
1332.13 
1185.47 
1304.7 
1277.25 
1402.23 
1409.11 
449.71 
519.32 
586.52 
446.26 
470.5 
576.88 
415.39 
431.27 
529.1 
409.44 
494.9 
520.09 
627.27 
614.85 
525.35 
462.72 
597.37 
479.13 
464.63 
398.55 
936.94 
1190.86 
1067.14 
801.99 
507.85 
273.37 
617.82 
878.66 
998.14 
912.81 
354.74 
630.16 
787.19 
290 
unemp blue Low Persi Dep 
inc room score 
-0.698 -0.202 -0.429 -0.893 -2.22 
-0.993 -0.699 -0.702 -0.255 -2.65j 
-0.304 -1.019 -0.085 -0.486 -1.89, 
0.614 0.570 0.581 0.185 1.95C 
-0.763 -0.134 -0.857 0.332 -1 A2. 
-0.599 0.172 -0.429 -0.213 -1.07( 
-1.813 -0.568 -1.664 -0.113 -4.15~ 
-1.124 -1.248 -1.035 -0.432 -3.83l 
-1.518 -0.760 -0.750 -0.029 -3.0S-
-1.091 0.596 -0.940 -0.121 -1.55( 
-0.862 0.094 -0.880 0.147 -1.50 
0.024 0.796 -0.227 -0.037 0.55t 
-1.813 -0.637 -1.058 0.063 -3.44~ 
-1.059 0.627 -0.239 -0.171 -0.84: 
-1.190 -0.780 -0.619 -0.033 -2.62: 
-0.829 0.458 -0.310 0.051 -0.63. 
-1.124 0.248 -0.797 1.497 -0.17( 
-1.813 -0.836 -1.462 -0.205 -4.31" 
-0.993 0.687 -0.963 -0.079 -1.34~ 
-0.239 0.933 0.687 0.370 1.752 
-0.632 0.686 -0.275 -0.440 -0.66 
0.483 1.487 1.697 0.185 3.852 
-0.534 0.474 -0.441 0.600 0.099 
-0.009 0.742 0.581 -0.217 1.09t 
1.991 1.613 2.920 0.366 6.89C 
0.352 0.789 1.780 -0.939 1.982 
2.090 0.558 2.778 -0.272 5.153 
0.745 -0.520 0.889 -0.855 0.26C 
2.254 0.841 3.419 0.315 6.829 
-0.271 -1.007 0.200 -1.073 -2.1s" 
-0.862 0.642 0.391 -0.440 -0.26~ 
0.155 0.678 0.212 -0.129 0.91t 
0.024 0.538 0.735 0.688 1.984 
0.253 0.669 0.521 -0.352 1.092 
-0.927 0.240 0.295 0.462 0.07C 
-0.435 0.171 0.236 -0.302 -0.33( 
-1.354 -0.959 -1.118 -1.463 -4.89' 
-1.157 -0.433 -0.655 -0.796 -3.04 
-1.059 -1.293 -1.379 -0.608 -4.33' 
-0.304 0.845 -0.334 0.055 0.26~ 
-1.091 -0.012 -1.035 -0.478 -2.61~ 
-1.124 -0.687 -0.845 -1.103 -3.75: 
-0.927 -1.133 -0.453 0.017 -2.49~ 
-0.468 -1.255 0.034 1.275 -0.41' 
0.680 -0.388 0.640 4.102 5.03:: 
-0.895 -1.702 -0.370 -0.075 -3.04 
-1.124 -1.187 -0.583 0.109 -2.78. 
-0.993 -0.284 -0.548 0.013 -1.81 
-1.223 -0.078 -1.094 -0.838 -3.23 
-0.108 -1.737 1.317 1.774 1.24( 
-0.665 -0.953 -0.180 0.101 -1.69 
-0.271 -0.385 -0.595 -0.298 -1.54 
FSA 
L4G 
L4H 
L4J 
L4K 
L4L 
L4P 
L4S 
L6A 
L6C 
L7B 
L9N 
POR 
POS 
P5A 
P6A 
P6B 
P6C 
POL 
PON 
P4N 
P4P 
P4R 
P5N 
POV 
POX 
P8N 
P8T 
County 
York Regn 
York Regn 
York Regn 
YorkRegn 
York Regn 
York Regn 
York Regn 
York Regn 
York Regn 
York Regn 
York Regn 
Algoma 
Algoma 
Algoma 
Algoma 
Algoma 
Algoma 
Cochrane 
Cochrane 
Cochrane 
Cochrane 
Cochrane 
Cochrane 
Kenora Dist 
Kenora Dist 
Kenora Dist 
Kenora Dist 
P9N Kenora Dist 
POP Manitoulin Dist 
POH Nipissing Dist 
PIA Nipissing Dist 
PIB Nipissing Dist 
PIC Nipissing Dist 
POA Parry Sound Dist 
POG Parry Sound Dist 
P2A Parry Sound Dist 
POW Rainy River Dist 
P9A Rainy River Dist 
POM Sudbury Regn Munic 
P3A Sudbury Regn Munic 
P3B Sudbury Regn Munic 
P3C Sudbury Regn Munic 
P3E Sudbury Regn Munic 
P3G Sudbury Regn Munic 
P3L Sudbury Regn Munic 
P3N Sudbury Regn Munic 
P3P Sudbury Regn Munic 
P3Y Sudbury Regn Munic 
P5E Sudbury Dist 
POT Thunder Bay Dist 
P7 A Thunder Bay Dist 
P7B Thunder Bay Dist 
FSA popn MVT rate unemp blue Low Pers! Dep 
34910 
2701 
52515 
7975 
49241 
19560 
7412 
17496 
6704 
7554 
8836 
13719 
11249 
13621 
36615 
24755 
21471 
28480 
11303 
31035 
3061 
2578 
10417 
18897 
6959 
11691 
4759 
14805 
16717 
39226 
18042 
34617 
1913 
15645 
2716 
12247 
7264 
11443 
53793 
26847 
15586 
18462 
26844 
3390 
7463 
7835 
14841 
6830 
5992 
42854 
29320 
33999 
833.89 
690.09 
589.66 
370.17 
759.76 
1273.08 
521.75 
672.47 
537.08 
407.98 
594.45 
590.97 
829.88 
701.48 
965.62 
902.81 
1083.38 
617.94 
1143.4 
1198.07 
1048.6 
1416.78 
829.33 
358.89 
7.84 
164.74 
350.36 
7.51 
777.31 
1457.82 
1898.91 
2024.22 
2051.35 
1287.78 
1254.95 
922.89 
92.63 
213.51 
833.82 
842.51 
730.95 
607.97 
684.09 
353.01 
500.45 
611.31 
677.96 
444.45 
230.9 
536.29 
759.02 
746.72 
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inc room scon 
-1.026 -0.994 -0.809 -0 . .+78 -3.30 
-1.091 0.012 -0.346 0.201 -1.22 
-0.468 -1.465 -0.180 1.317 -0.79 
0.909 0.092 -0.227 2.126 2.90 
0.024 0.247 -0.251 0.470 0.49~ 
-0.534 0.487 -0.488 0.550 0.01, 
-0.042 -0.878 0.782 1.858 1.72 
-0.108 0.009 -0.667 0.424 -0.34 
-0.370 -1.223 0.189 0.738 -0.66 
-0.271 -1.176 -1.118 -1.552 -4.11 
-1.157 0.340 -0.643 -0.163 -1.62 
2.844 1.075 0.236 -0.171 3.98, 
0.516 1.015 -0.239 0.009 1.30 
1.696 0.622 0.438 -0.264 2.49: 
0.286 
0.942 
0.876 
2.188 
0.548 
0.122 
-0.829 
0.210 
0.208 
0.212 -0.754 -0.04 
0.272 -0.666 0.75: 
1.266 0.486 
1.156 -0.286 
0.907 0.141 
0.826 0.010 
0.244 0.070 
-0.259 
1.309 
0.412 
0.185 
1.133 
2.36: 
4.36' 
2.00: 
1.14 
0.61: 
0.712 0.849 -0.524 1.808 2.84. 
0.286 1.163 -0.453 -0.217 0.77' 
2.123 1.048 -0.773 3.104 5.50 
2.024 0.309 -0.999 1.129 2.46 
0.220 1.047 -0.857 -0.171 0.23' 
0.024 -0.230 -0.916 0.860 -0.26 
0.876 0.864 -0.571 -0.217 0.95 
2.451 1.258 0.094 -0.037 3.76 
1.401 0.848 -0.144 -0.171 1.93 
-0.042 0.000 0.200 -0.708 -0.54 
1.172 0.198 0.319 -0.532 1.15 
-0.862 -1.763 -1.593 -2.265 -6.48 
1.795 0.984 0.141 -0.486 2.43 
1.172 0.033 -0.619 -0.264 0.32 
1.631 0.616 -0.239 -0.666 1.34 
0.844 1.549 -0.334 0.860 2.91 
0.220 0.641 -0.607 0.097 0.35 
0.680 1.474 -0.073 0.412 2.49 
0.286 -0.008 -0.180 -0.125 -0.0: 
0.778 0.658 1.222 0.093 2.75 
2.418 0.924 1.626 -0.314 4.65 
-0.337 -0.366 -0.263 -0.712 -1.6~ 
-1.190 0.032 -1.142 -0.482 -2.7~ 
0.155 0.584 -0.358 0.370 0.75 
-0.304 0.942 -0.690 0.550 O.4S 
-0.206 1.210 -0.405 1.045 1.~ 
-1.026 -0.086 -1.248 -0.079 -2.4 
-0.206 1.096 -0.073 -0.440 O.3i 
1.106 
1.270 
0.975 
1.358 
0.429 
0.368 
-0.714 0.726 
-0.191 -0.217 
-0.275 -0.352 
2.4i 
1.2~ 
0.71 
FSA County FSA popn MVTrate unemp blue Low Pers! Del 
inc room scor 
P7C Thunder Bay Dist 34912 882.9 0.548 0.472 -0.429 0.009 0.6C 
P7E Thunder Bay Dist 23093 921.36 0.286 0.671 -0.227 -0.444 0.28 
P7G Thunder Bay Dist 1326 305.97 -0.435 -0.715 -0.963 0.013 -2.H 
PO] Timiskaming Dist 23692 1487.32 0.811 0.981 0.129 0.009 1.93 
P2N Timiskaming Dist 9116 886.95 1.270 0.043 0.272 -0.356 1.22 
292 
APPENDIX G: Chi-square results for SA V in MVT rate 
OBS CNTYMED CRNUM CRUDE ASRATE AS RANK CHISQ PROBIND 
1 Algoma 280.33 
2.826 
751.68 807.34 21 
2 Brant 259.00 731. 43 742.90 27 
0.059 
3 Bruce 187.50 916.92 964.91 14 
14.137 ++ 
4 Cochrane 264.83 907.79 947.60 16 
18.362 ++ 
5 Dufferin 181. 33 1286.01 1249.29 6 
51.383 ++ 
6 Durham Regn 1527.83 1092.87 1029.35 12 
170.567 ++ 
7 Elgin 182.50 766.68 766.99 23 
0.276 
8 Essex 544.00 564.36 589.25 43 
28.102 ++ 
9 Frontenac 267.33 776.25 802.66 22 
1.655 
10 Grey 245.83 1011.47 1088.36 11 
37.306 ++ 
11 Haldimand-Norf Regn 180.00 579.69 609.54 41 
5.428 
12 Haliburton 33.00 914.25 980.43 13 
2.185 
13 Halton Regn 845.67 905.72 901.70 17 
34.382 ++ 
14 Hamilton-Went Regn 649.50 524.28 516.91 49 
82.067 ++ 
15 Hastings 443.50 1282.83 1328.19 5 
162.671 ++ 
16 Huron 140.17 773.59 838.85 19 
1. 995 
17 Kenora Dist 48.67 215.00 209.65 57 
86.705 ++ 
18 Kent 368.33 1114.20 1203.35 7 
90.774 ++ 
19 Lambton 267.00 692.10 746.27 26 
0.000 
20 Lanark 97.67 593.16 577.33 44 
5.665 
21 Leeds and Grenville 167.17 656.37 662.28 34 
1.791 
22 Lennox and Addington 72.17 647.44 633.99 39 
1.706 
23 Manitoulin Dist 21. 50 592.61 613.13 40 
0.762 
24 Metro: East York 158.33 725.77 648.43 37 
2.123 
25 Metro: Etobicoke 425.00 572.59 542.48 46 
40.596 ++ 
26 Metro: ~orth York 685.00 489.14 489.32 51 
113.542 ++ 
27 Metro: Scarborough 758.67 511.58 503.88 50 
110.681 ++ 
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28 Metro: Toronto City 730.17 557.48 523.76 47 
85.231 ++ 
29 Metro: York 189.17 557.02 517.69 48 
27.393 ++ 
30 Middlesex 780.50 718.39 708.92 31 
1.113 
31 Muskoka Dist Munic 91.17 706.39 723.80 29 
0.010 
32 Niagara Regn 694.17 645.37 656.22 36 
8.791 
33 Nipissing Dist 395.50 1597.79 1711. 73 3 
292.923 ++ 
34 Northumberland 317.83 1430.55 1520.14 4 
164.300 ++ 
35 Ottawa: Eastern 231.67 420.26 417.75 54 
75.514 ++ 
36 Ottawa: Ottawa City 289.67 391.21 394.92 55 
118.177 ++ 
37 Ottawa: Western 279.17 464.31 456.26 53 
65.199 ++ 
38 Oxford 188.67 650.56 660.14 35 
2.160 
39 Parry Sound Dist 89.83 856.78 883.57 18 
3.443 
40 Peel: Brampton 548.17 571.39 559.57 45 
41. 479 ++ 
41 Peel: Mississauga 1012.17 660.10 647.37 38 
16.945 ++ 
42 Perth 206.17 950.32 953.01 15 
13.232 ++ 
43 Peterboroug"h 628.83 1881.72 1958.73 1 
626.462 ++ 
44 Prescott and Russell 144.33 634.26 604.84 42 
5.279 
45 Prince Edward 43.50 689.11 759.91 24 
0.084 
46 Rainy River Dist 17.17 236.00 248.83 56 
22.438 ++ 
47 Renfrew 180.00 645.47 671. 54 33 
1.444 
48 Simcoe 1099.00 1169.09 1110.52 10 
186.234 ++ 
49 Storm, Dund,Glengarry 223.67 691.25 697.78 32 
0.469 
50 Sudbury Dist 33.17 433.78 472.60 52 
6.464 
51 Sudbury Regn Munic 315.67 686.02 748.58 25 
0.132 
52 Thunder Bay Dist 308.67 684.80 717.58 30 
0.128 
53 Timiskaming Dist 119.67 1048.01 1150.95 9 
23.800 ++ 
54 Victoria 325.67 1764.27 1886.52 2 
288.678 ++ 
55 Waterloo Regn 990.50 839.96 837.38 20 
16.878 ++ 
56 Wellington 582.33 1192.08 1179.87 8 
130.448 ++ . 
57 York Regn 1232.50 697.43 734.36 28 
0.208 
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